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extension of this time limit may be granted under either 37 
C.F.R. 1.136 (a) or (b) , but the period for response set in the 
last office action may be extended up to a maximum of six months. 

In response, applicants respectfully traverse the Examiner's 
provisional obviousness- type double patenting rejection. 
Applicants maintain that the content of claims 44 and 46-56 in 
the subject application differs from the content of claims 1-20 
and 44-52 in copending U.S. Serial Nos . 08/475,784 and 
08/477,097. In the subject application, applicants' claims are 
directed to methods of using a vaccine. 



Applicants further point out that for a provisional double- 
patenting or obviousness- type double patenting rejection, 
M.P.E.P. §804 requires that the: 

'provisional' double patenting rejection should 
continue to be made by the Examiner in each 
application as long as there are conflicting claims in 
more than one application unless that 'provisional' 
double patenting rejection is the only rejection 
remaining in one of the applications. If the 

'provisional' double patenting rejection in one 
application is the only rejection remaining in that 
application, the Examiner should then withdraw that 
rejection and permit the application to issue as a 
patent, thereby converting the 'provisional' double 
patenting rejection in the application (s) into a 
double patenting rejection at the time the one 
application issues as a patent. 

Therefore, applicants maintain that even if the Examiner 
continues to conclude that the claims of the subject application 
conflict with the claims of U.S. Serial Nos. 08/475,784 and 
08/477,097, the provisional rejection should be withdrawn in 
view of applicants' arguments which overcome the other rejections 
of this application under Sections 101, 103 and 112. Thus, the 
subject application should be allowed to issue. 



In view of the foregoing statements, applicants respectfully 
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request that the Examiner reconsider and withdraw the rejection 
based on provisional obviousness- type double patenting. 

SECOND COMMUNICATION REQUESTING CORRECTED FILING RECEIPT 

This Second Communication is filed to request a corrected Filing 
Receipt in connection with the above -identified application. 
Applicants previously filed a Communication To Correct Error In 
Filing Receipt with the U.S. Patent and Trademark Office on 
November 13, 1995; a copy is attached hereto as Exhibit A. 
Applicants have not received a corrected Filing Receipt in 
response to the November 13, 1995 Communication 

o 

Upon receipt of the official Filing Receipt for the subject 
application, a copy of which is attached hereto as Exhibit B, 
applicants' undersigned attorney noticed errors. 

Applicants hereby again respectfully request that a corrected 
Filing Receipt be issued. Specifically, after "CONTINUING DATA 
AS CLAIMED BY APPLICANT- the following now appears: 

THIS APPLN IS A CON OF PCT/US94 /00757 01/21/94 



AND A CON OF 08/009,628 01/21/93 



PAT 5, 333 , 920 



A corrected Filing Receipt should read as follows: 



--THIS APPLN IS A CON OF PCT/US94/00757 01/21/94 

AND A CIP OF 08/009,268 01/22/93 ABN- - 



Also, after "TITLE 



the following now appears : 



GANGLIOSIDE-KLH CONJUGATE VACCINES PLUS OS -21 



A corrected Filing Receipt should read as follows: 
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- -GANGLIOSIDE-KLiH CONJUGATE VACCINES PLUS QS-21-- 

Applicants contend that the failure to change the Filing Receipt 
and issue a Corrected Filing Receipt is due to delay by the 
United States Patent and Trademark Office. As stated above, a 
Communication To Correct Error In Filing Receipt was filed on 
November 13, 1995, including a check in amount of $25.00 required 
under 37 C.F.R. §1.19 (h) for the issuance of an additional filing 
receipt corrected due to applicants' error. Accordingly, 
applicants again respectfully request that a corrected Filing 
Receipt be issued. 

SUPPLEMENTAIj INFORMATION DISCLOSURE STATEMENT 

In accordance with their duty of disclosure under 37 C.F.R. 
§1.56 (c) and §1. 97(c), applicants would like to direct the 
Examiner's attention to the following disclosure which is listed 
on the attached Form PTO-1449 (Exhibit 1) and attached hereto as 
Exhibits 2-6: 

1. Helling, F., et al . (1993) "Increased immunogenic ity of GM2 
conjugated with KLH and used with adjuvants in patients 
with melanoma." Proceedings Of The 84th Annual Meeting Of 
The American 34: 491 (Exhibit 2); 

2. Helling, F., et al . (1993) "Construction of immunogenic GD- 
3 conjugate vaccines." Annals Of The New York Academy Of 
Sciences 690: 396-397 (Exhibit 3); 

3. Helling, F., et al . (1994) "GD3 vaccines for melanoma 
superior immunogenicity of keyhole limpet hemocyanin 
conjugate." Cancer Research 54: 197-203 (Exhibit 4); 

4. Bystryn, J-C (1990) "Tumor vaccines." Cancer And Metastasis 
Reviews 9: 81-91 (Exhibit 5); and 
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5. Ritter, G. , et al . (1990) "Induction of antibodies reactive 
with GM2 ganglioside after immunization with 
lipopolysaccharides for Camplyobacteria jejuni." Int. J. 
Cancer 66: 184-190 (Exhibit 6). 

The references, enclosed as Exhibits 2-5, were cited in the 
Supplementary European Search Report issued in connection with 
European Application No. 94 90 7279.7, filed August 22, 1995, 
corresponding to PCT International Application No. 
PCT/US94/00757, filed January 21, 1994. The subject application 
is a continuation application of PCT/US94/00757 . A copy of the 
Supplementary European Search Report is attached hereto as 
Exhibit 7. 

The reference, enclosed as Exhibit 6, was cited by the New 
Zealand Patent Office during the substantive examination of New 
Zealand Application No. 261744, filed July 28, 1995, 
corresponding to PCT International Application No. 
PCT/US94/00757, filed January 21, 1994. The subject application 
is a continuation application of PCT/US94/00757 . 

Applicants maintain that the subject invention is novel and 
nonobvious over the teachings disclosed in the above - identified 
publications. Accordingly, applicants maintain that the above- 
identified publications neither disclose nor suggest the 
invention claimed in the subject application. 

If a telephone interview would be of assistance in advancing 
prosecution of the subject application, applicants' undersigned 
attorney invites the Examiner to telephone him at the number 
provided below. 

No fee, other than the $230.00 fee under 37 C.F.R. §1.17(p), is 
deemed necessary in connection with the filing of this 
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Communication In Response To April 15, 1997 Office Action, Second 
Communication Requesting A Corrected Filing Receipt and 
Supplemental Information Disclosure Statement. However, if any 
other fee is required, authorization is hereby given to charge 
the amount of such fee to Deposit Account No. 03-3125. 



Respectfully submitted. 




Albert Wai-Kit Chan 
Reg. No. 36,479 




Washington, D.C. 20231. 



I hereby certify that this correspondence 
is being deposited this date with the U.S. 
Postal Service with sufficient postage as 
first class mail in an envelope addressed 
to: Assistant Commissioner for Patents, 



Date 



John P. White 
Registration No. 28,678 
Albert Wai-Kit Chan 
Registration No. 36,479 
Attorneys for Applicant (s) 
Cooper & Dunham LLP 
1185 Avenue of the Americas 
New York, New York 10 036 
(212) 278-0400 
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Serial No. 
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For 



Philip O. Livingston and Frledhelm Helling 
08/477, 147 
June 7, 1995 

GANGLIOSIDE-KLH CONJUGATE VACCINES PLUS QS-21 

1185 Ave of the Americas 
New York, New York 10036 
November 13, 1995 
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Assistant Commissioner for Patents 

Washington, D.C. 20231 H fi?i7 



SIR: 



;CATI9M TQ C9RRBCT BW^QR IH riLIWg RBgBI?T 



This Communication is submitted to request correction of an error 
in the filing receipt issued by the United States Patent and 
Trademark Office in connection with the above* identified 
application. Applicants' undersigned attorney received the 
filing receipt on October 13, 1995. A copy of the filing receipt 
is attached hereto as Exhibit A. 

Applicants hereby respectfully request the following corrections 
be made: 

The title of the invention given as >*GANGLIOSID£*KLH 
CONJUGATE VACCINES PLUS OS-21" should be as follows 
•-hGA^GLIOSIDE-KLH CONJUGATE VACCINES PLUS QS-21-—- 

The second line in the Continuing Data As Claimed By 
Applicant given as "WHICH IS A CON OF 08/009,628 01/21/93 
PAT 5,333,920" should be as follows — WHICH IS A CIP OF 
08/009,268 01/22/93 ABANDONED — . 

A fee of TWENTY-FIVE DOLLARS ($25.00) is required according to 
37 C.F.R. Sl*19(^) for the issuance of an additional filing 

Philip O. Livingston and Friedhelm 
Helling 

" U.S. Serial No. 08/477,147 
Filed: June 1, 1995 
Exhibit A 
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receipt corrected due to applicant error. A check for $25.00 is 
enclosed to cover this fee. 

No fee, other than the $25.00 fee for the corrected filing 
receipt, is deemed necessary in connection with the filing of 
this Communication. However, if any additional fee is required, 
authorization is hereby given to charge the amount of any such 
fee to Deposit Account No. 03-3125. 



Respectfully submitted. 
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Albert Uai-ICit Chan Dat« 
8«9. No. 36>79 
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HELLING « al.: IMMUNOGEMC GD3-CONJtGATE VACCINES 397 

amination. GD3 was conjugated to meningoccocal outer membrane proteins cat 
jon.zed bovme serum albumin, multiple antigenic peptides. poTylSeTnd k" vhole 

w t"tS;;ant osf conjugates'were adminfsteJeS [o K 
of hi ^''J"''^"' 1 . and antibody titers were determined by ELISA Specificity 
of the immune response was further analyzed by dot blot immune -itain^ n^., S 
gangliosides and by immune thin layer chromatographyus^S^^^ 

A^- ""J"8ates tested. GD3 conjugated to keyhole limpet hen^^vanin 
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ABSTRACT 

on surface gangliosides show altered patterns of expression as a coo- 
seqvence of malignant transformaCion and hare therefore been of Interest 
as poteoUal Urgets for immunotherapy, inctuding vacciiw construction. 
Ome obstacle has been that some of the gangliotides that are overexpressed 
to human cancers are pooHy iraraunogciiic in huBtans. A case in pohit fa 
Gna* prominent gangUoside of human mafignaat melanoma. Using an 
approach that has been effective In the coostractlon of bacterial carbo* 
hydrate vaccines, we have succeeded In Increasing the immnnogcnidty of 
Gn3 in the mouse by cotOugating the ganglioside wtth immunogenic cai> 
riere. Several cotgugation methods were osed- The optimal procedure 
Involved ozone cleavage of the double bond of Gm in the ceraraidc back- 
bone, Introducing an aldehyde group, and coupling to amlnotysyl groups 
of proteins by reductive amination, CoiUugates were constructed with a 
synthetic mulUple antigeolc peptide expressing repeats of a malarial T-cell 
epitope, outer membrane proteins of Neisseria meningitidis^ cationlMd 
bovine scrum albumin, keyhole limpet hemocyanin, and polylysice. Mice 
Immuntoed with these conjugates showed a stronger antibody response to 
Gi» ttiao mice immunized with uncoi^ugated Go> The strongest response 
was observed in mice immunized wtth the iceyhole limpet hemocyanin 
ooi^ugate of the Gm aldehyde derivative and the adjuyant QS-21. These 
mice showed not only a k)ng-lasting high-tltcr IgM response but also a 
consistent high-liter IgC response (predominantly IgGl), indicating re- 
cruiuaent of T-cell help, although the titers of IgM and IgG antibodtes 
following booster immunlzatlotu were not as high as they are in the 
response to classical T*ccU-depcodent antigens. This method Is applicable 
to other gangliosides, and It may be useAU the construction of Immu- 
nogiinlc ganglioside vaccines tor the immunotherapy of human cancers 
expresstng ganglktsides on their cell surface. 

INTRODUCl^ON 

Gaogliosides are glycolipid constituents of the cell membrane. The 
term was coined in 1942 to refer to lipids of the central nervous 
system that contained sialic acid, to signify their prime location in 
ganglion cells and their giycosidic nature (1). ITieir Lipophilic com- 
ponent, the ccramide (an amide-linked long-chain sphingoid base and 
a fatty acid), is thought to be embedded in the cuter membrane of the 
cell membrane lipid bi layer. The carbohydrate ponior of the molecule 
is oriented toward the ourside of the cell. Malignant transformation 
appears to activate enzymes involved in ganglwside glycosylaiion, 
resulting in altered patterns of ganglioside expression in tumors such 
as astrocytoma, neuroblastoma, and malignant melanoma (2). In nor- 
mal melanocytes, for example, the predominam ganglioside is Gm3.' 
Other gangiiosides including Gd3» Gm?, Gdi., and Gxib constitute 
less than 10% of the total (3). [n malignant melanoma, increased 
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expression of Gt>3, G^z. Gm2 has been observed (4, 5), and these 
gangiiosides have therefore been considered potential targets for im- 
munotherapy 

One approach lo gangliosidc-targeted immunotherapy has been the 
use of mAbs/ Treatment of patients with melanoma or neuroblastoma 
with mAb recognizing G^a. Gdt. or Gm2 has resulted in tumor re- 
gression in some cases (6-9). The other approach has been to immu- 
nize patients witti ganglioside vaccines in attempts lo induce produc- 
don of ganglioside antibodies by the paticnU thcraseivcs. These 
attempts have been successful so far only with Gm2 vaccines. Patients 
with American Joint Committee on Cancer Stage III malignant mela- 
noma, after complete resection of all tumor, have been shown to 
produce and'GM-2 antibodies in response to vaccination with Gm2 and 
Bacillus CaUnette-Gucrin (after prctrcaimenl with low-dose cyclo- 
phosphamide to reduce suppressor activity), and the disease-free in- 
terval aiid overall survival were longer in pa*>nts producing Gm2 
antibodies (10). Gd3 and Gt>2, on the other ham* A/ere found to be 
only rarely immunogenic when administered in the same way to 
patients with melanoma (11). Even with the Gm2 vaccines, the anti- 
body response showed the characteristics of a T-cell -independent re- 
sponse, that is to say, IgM production of short duration, rare conver- 
sion to IgG production, and lack of a booster effect (12, 13). 

Similar difficulties have been encountered m the development of 
effective vaccines against bacterial carbohydrate antigens. One ap- 
proach that has been successful in overcoming these problems is 
conjugation of the antigen with immunogenic protein carriers. For 
example, a conjugate vaccine that links the Haemophilus influenzae 
type b capsular polysaccharide to the outer-membrane protein com- 
plex cf Neisseria meningitidis serogroup B was recently shown to 
induce the produciion of antibodies and a high rate of protection 
against invasive disease caused by Haemophilus influenzae type b in 
infants (14), and similar results were repor-ed for a conjugate vaccine 
using a nontoxic mutant diphtheria toxin as carrier (15). 

We have explored this approach in attempts to increase the immu- 
nogenicity of melanoma gangiiosides. We report here the effects of 
conjugating Gu3 with several protein carriers on its immunogeniciry 
in the mouse. 

MATERIALS AND METHODS 

Gangiiosides Gwa. Gms and Opib. exuactcd from bovine- braia, were 
provide! by Fidia Research Laboratory (Abano Tennc, Italy). Q02 was raade 
from Goib by enzymatic cleavage with j3-galactosidasc from bovine testes 
(16). Oo3 (mcl) was isolated from human melaaoma tissue (17), Gd3 (bbm) 
ajid GT3 were isolated from txjvinc buttemiilk (18), and diaialylUctosc (Gd3 
cligosaccharlde) was isolated from bovine colostrum as previously described 
(19). 

Reagents. HFTLC silica gel plates were o*>tained &om & Merck (Darm- 
stadt, Gcraany): 4-chlofo-l-naphlliol, p-nitrophcnyl phosphate disodium, and 
sodium cyanoborohydride were from Sigma Chemical Co. (Si- Louii, MO); 
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* "Hio abbirviatioos used ate: mAb. moncctooal tntajody; MAP. muliiple tncigenic 
peptide; OMP, outer merabraae protein; cBSA. cadomzed bovine abrum aJbumin; ITLC. 
imciune thio-Uycr chromatography; HFTLC, higli-pcrformaiiee thin-layer chtomalogra- 
pby; ELISA, cnzymc-1 inked fenmuoosorbent. assays; FACS. floorescenoc-aaivated cell 
sorter; PBS, phosphate-thiffered taline; bbm, bovine buaermilk. 
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GorPROTEIN CONJVOAre 

□TiCtliylsuUlde was frem AJdncta (Milwaokee, WT); cyciophotphsmkJe (Cy- 
toxan) was from Mesd lohnaon (Syrtcuse, NY); and QS-21 tdjuvvii, a ho- 
mogeneous saponin component purified firom Quillaja sapcnaria Molina tree 
^2C), was kiodly donated by Cambridge Btotech Corp (Woioeater, MA). It is 
an ampbipaihtc molecule and waa provided a white powder, tonnuig a clc^r 
colorless «ohition when dissolved in PBS. 

ProCeiBS. Poly-L-lysine hydrobromide {MW(vis>3800] was purchased £rom 
Sigma, keyhole limpet hemocyanin (KLH) was from Calbiochea (U Jolla, 
CA), the cBSA-Imjeci Supcrcanier immune modulator was fr«D Pierce 
(Rockfort. ILX acd ^eiss^a meningiiUUs OMPs were kindly provided by Dr. 
M. S- Blahe (Rockefeller University, New York). MAP YAL-IV 294-1 con- 
taining fovr repeats of a aialariaJ T-ceU epitope was a gift from Dr. J. P. T^m 
(RockefelJer University). 

Monoc^nal AsUbodics. Rabbit anti-oiouse immunoglobulins conjugated 
to horseradish peroxidase for ITLC and rabbit anb-mou&e IgM and IgG 
coojugated to alkaline phosphatase for EUSAs, were obtained £ram Zjnsed 
(San Francisco. CA); anii-Goa mAb R24 was gefwraicd in our laboratory (21). 

Serological Asmjs, EUSA were performed as previously described (13). 
To control for nonspecific "stickiness,** immune sera were also tested on plates 
to which no ganglioside had been added, and :he reading was subtracted from 
the vahic obtained in the presence of ganghoeide. The titer was defined a& the 
highest dflution yielding a correatd absorbaocc cf 0.1 or greater. Immuno- 
staining of gangliosides with mAb or mouse sera was perfomied after sepa- 
ration on HPTIjC silioi gel glass plates as previously described (4). Plates were 
developed ia solvent 1 [cfctoroform mcihancl water (0.25% CaCh). 50;40:10 
(v/v)J or solvent 2 {ethanolji-butylaJcohol: pyridine : water: acetic acid» 100:10: 
10:30*3 (v/v)J, and gangUossdes were visualized wirh resorciool-HCI reagent. 
Dot-blot immune ttains were performed on nitrocellulose strips utilizing pu- 
rified ga n gl t onides spotted in equal amounts end developed as described before 
(13). 

ImmoiUzatio*. Six-wcek-old female BALB/c x CS7BL/6 F, mice (The 
Jackson Laboratory, Bar Harbor. ME) were given an i.p. ixijeclxin of cyclo- 
phosphamide (IS mg/kg) 3 days before the first immunization and were then 
assigned to treatment groups Groups of 4 or 5 mice were given three s.c. 
injections of a vaccine 2 weeks apart if not otherwise indicated. Each vaccine 
contained 20 ^ Gpj or 15 ^ disialyllactose and 10 ^g 0S-2I in a total 
voluntc of 0.1 ml PBS. Mice were bled from the reiroorbitaJ sinus before 
vaccination and 2 week* after the last vaccine injection unless indicated oth- 
erwise. 

Gi>3 Conjugate PraparatioB. Go., (2 mg) was dissolved in 2 mJ methanol 
by sonication and cooled to -78*' C in an cihanol/'dry ice bath. Oione was 
generated in an ozone generator (Del Iruiusiries. San Uiis Obispa CA) and was 
passed through the sjmpie for 30 min under vigorous stirring (22. 23). The 
excess of ozone was ihcn displaced with niirogeo over a period of 10 mia. 
Metbytsuliide (100 ^tl) was added (24), and the sample was kept at -78 "C for 
30 mia and then at room temperature for 90 min under vigorous stirring. The 
sample was dried under a stream of nitrogen and monitored by HPTLC. The 
locg<haia aldehyde was separated by adding /i-hexaiie (2 tTil) to the dry 
sample, followed by sonicatkxn for 5 min and centrifugation at 200C X g for 
13 min. The ff>hexane was carefully drawn off and discarded, and the sample 
was dried nnder a scream of nitrogen. Qeaved G^s and native Go3 
separated by HPLC (Waters, System 501. MUford, MA) utili2ing a Cia re- 
versed-phase column (10 X 250 mm; Raioin Instruments, Ridgcficld, M>. 
Ganglioside were eluded with a linear water-acetoni rilc gradient and moni- 
tored at 214 nrn, and the fractions were analyzed by HPTLC. Fraaions that 
conuined cleaved Oon combined iind evaporated ot 37*'C with a Rota- 

vapor (Buchi, Flawib, Switzerland). G caved G03 (15 mg), 1.5 mg proiein 
carrier in P3S, and 2 mg sodium cyanoboroh>dnde were incubaicc: urder 
gentle agitatioa at 3-^*C for 48 h. .After 16 h 1 mg sodium cyanoborohydride 
was added. The progress of coupling was mo.riicred by HPTLC. Gm-protcin 
conjugates did not migrate io solvent I and solvent 2 but remained at the origin 
as a resorcinol-positive band. The mixture was dialyzed across 5000 molecular 
weight cuLoff dialysis tubing wiih L^vce changes of PBS (4 liters each), at 4"C 
for 46 h, and paased ih.'XMigh an Exuactigel detcrgcnt-re moving gel (Pierce, 
RocUofX XL) for final purification otf uncoajugated Gds- The samples were 
lyophUized, and their protein and gaaglioside content was determined by 
BioRad protein assay and by neuraminic acid detcnnination according co the 
method of Sveonerholm (25)* 



VACa.SfiS PGR >4ELANCMA 

IMsialyOaetotsc Coiyugate Preparation. Disialyllactose was isolated £rom 
bovine colofttrum as described previously (19). The carbohydrate was attached 
to protein by reductive amicatiun (26). Di&alyllactuse (10 mg) was mcubAieu 
with 2 mg proteins in 2 ml PBS for 14 days a'. yTC after sterile filtration. 
Sodium cyanoborohydride (2 mg) wts added at the beginning, and 1 mg was 
added every 3 days. The coupling was monitored by HPTLC io solvent 2. The 
disialyllactose conjugates were purified by dialysis across 5000 molecular 
weight cutoff dialysis membrane wi:h ;hree changes of PBS (4 titers each) at 
4'C for 4g h, followed by lyophilizanon. The protein and neuraminic acid 
content was determined as described above, Disialyllactose was also conju- 
gated to proteins according to the method described by Roy and Lafeni^re 
(27). During this procedure *V-acxoIo> lated giy copy ranosyl amine derivatives of 
the oligosaccharide were formed first, followed by coajtigation via Michael 
additkm to tmtoo groups of the protein. Purificatioo atxl deterzoiaatioQ of 
piutein and neuraminic acid content were perfonned as described above. 

Dcterminatioa of Antibody Subclasses. DetermiDadon of antibody sub- 
classes was performed by £LISA using subclass -specific rabbit anti-mouse 
immunoglobulins IgOL, IgG2a, lgG2b, IgG3, and IgA (Zymed» San Francisco, 
CA). Alkaline phosphatase-labeled goal and- rabbit IgG served as the signal- 
generating reagent. 

FACS Analysis trf .Mouse Ant isera. A single cell suspension of the mcla- 
noma cell line SK-MEL-25 was obuired afiL'r ireaiment wiii 0.1% EDTA in 
PBS followed by passage through a 26V^-gaug€ necdJc. Ceils (3 X 10^) were 
incubated with 40 ;il of 1:20 diluted post- or prelmmuntzation serum for 30 
min 00 ice. The cells were washed three times with 3% telal calf serum in PBS. 
Thirty ^ of diluted (1:50) fluorescein isothiocyaaate-labcled goat anti-nousc 
IgG (Southern Biotechnology Associatco Inc., Birmingham, AL) were added as 
secondary antibody, followed by incubation 00 ice for 30 min. Cells were 
washed three times as above and resuspended in 500 ^1 3% fetal calf serum in 
PBS ajsd analyzed by flow cytometry (F.ACScan, Becton Dickinson, San Jose, 
CA). 

RESULTS 

Prcparatioii and Chamctertzatiofi of GD3-Proteta Coi^ugates. 

Gds (bbna) in methanol was selcaively cleaved with ozooe at the 
C4-C5 double bond in the ccramide portion. It is assumed that mc- 
ihoxypetoxides arc fonned as inTermcdiate products (24), and ilierc- 
fore metfayisutfidc was added as a rediicing agent. The result of the 
cleavage was a G03 derivative with an aldehyde functional group in 
the position of the fortrcr double tKind in the ceramidc ponion (Fig. 
1). Cleaved G03 migrated slower than native Gd3. and fonned doable 
barxls because the cerainide contained unsaturated fatty addi that 
were cleaved simultancotasly (see Fig. 1, inset). Densitometnc analy- 
sis of HPTLC plates showed that nrwre than 70% of Gd, (bbm) was 
cleaved by this procedure. Prelim iraiy experiments iavolving lo.oger 
ozone treatment had similar results, indicating that 30% of Goa from 
this source consists of sphinganine or phytosphingcstne analogues that 
contain no ozone-cleavablc ceramide double bond. Cleavage at -78*C 
with ozone treatnwn! up to 1 h (depending on the amount or G03 used) 
was found to be optimal. Cleav ed Grj3 persisted only in acidic and 
neutral phosphate buffers for up to 72 h, but with the formation of 
increasing amounts of oligosaccharide due to p-elimination reactions 
[which have been shown to occur much faster at alkaline pH (23)]. 
The decreased hydrophobicity of cicaved Gq^ compared to native 
allowed its separation by HPLC or C,g rcverscd-phase columns 
Utilizing isocratic elution with a linear water-acetontirile gradient, 
cleaved G03 was recovered first, a.nd uticleaved Gq:, was cJuted in 
later fractions. The incubation of cleaved Gdj with proteins resuJted in 
the formation of Schiff bases between the cleaved ganglioside and 
e-anainolysyl groups. They were reduced with sodium cyanoborohy- 
dride to form stable secondary aitiine bonds (28). The reaction was 
mooitofcd by HPTLC, which showed a decreasing ratio of the cleaved 
Gjy^ to a resordnol positive band a: the origin, indicating the forma- 
tion of ncoglycoconjugales. The rcaaion was generally completed 
after incubation for 48 h at 37*C. Disialyllactose was readily remov- 
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Gangliosides are sialic acid-containing glycosphingolipids composed of a carbohy- 
drate moiety linked to a hydrophobic ceramide portion. Whereas ceramide is 
embedded within the outer leaflet of the cell membrane, the carbohydrate chain 
is exposed to the extracellular matrix. Qualitative and quantitative changes in 
ganglioside composition during cell differentiation and proliferation have been 
observed and seem to reflect the state of malignant transformation of cancers of 
neuroectodermal origin. Malignant melanoma cells express a variety of ganglio- 
sides in addition to GM3. the major ganglioside in normal melanocytes. Altered 
eanglioside metabolism of transformed ceils causes additional expression of GD3, 
the major ganglioside in melanoma, and GM2. GD:. 9-0-acetyl-GD3. and GT3. 

We vaccinated patients with a series of w hole cell melanoma vaccines selected 
for expression of a variety of glycoprotein and ganglioside antigens and found 
that the only antigens recognized by more than one patient were the gangliosides 
GM2 and GD2. When vaccines containing purified gangliosides are used in mela- 
noma patients. GM2'BCG vaccines seemed to be most effective. In a randomized 
study of 122 melanoma patients who were disease-free after surgery, we showed 
that most patients (86*^) receiving the GM2 vaccine produced antibodies. Patients 
who produced anti-GM2 antibodies had a significantly longer disease-free and 
overall survival than did antibody-negative patients. In comparing the two arms 
of the trial, we found that patients receiving the GM2/BCG vaccine had a 179^ 
improvement in disease-free interval and a 99c improvement in survival compared 
with the bacillus Calmette-Guerin control group, although neither result was statis- 
tically significant. Unfortunately, the immune response was only of short duration, 
mostly IgM. and of moderate titer. This suggested that GM2 was recognized as 
a T-cell-independeni antigen because gangliosides are carbohydrate antigens and 
also because gangliosides are autoantigens expressed on some normal tissue. 
Similar approaches with GD2 and 9-0-acetyI-GD3 vaccines in patients resulted 
in occasional low titers, and no antibody response against GD3 could be detected. 

A different approach had to be utilized: therefore, we explored whether cova- 
lent attachment to immunogenic carriers, an approach effective with bacterial 
carbohydrate antigens, would increase the immunogeniciiy of GD3. Conjugates 
containing solely the oligosaccharide part of GD3 were not reactive with mAb R24 
and were unable to induce a significant immune response against GD3 ganglioside. 
Modification of glucose at the reducing end of the oligosaccharide chain during 
conjugation or the missing part of the ceramide may influence proper epitope 
presentation and detection by the immune system. Our second approach was 
aimed at coupling GD3 via its ceramide portion without altering the carbohydrate 
pan. GD3 was subjected to ozone cleavage of the ceramide double bond and the 
resulting aldehyde group was coupled to amino groups of proteins by reductive 
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Increased immunogenicity of GM2 conjugated with KLH and 
used with adjuvants in patients with melanoma. Helling F.. Adiuri 
S., CaJves M., Koganty R.R., Oetigen H.F.. Livingston P.O.. 
MemoriaJ S loan -Keiie ring Cancer Center, New Yorlc, NY 10021 ar.d 
Biomira Inc., Edmonton. Aibcna. Canada. 

In a series of studies aimed at inducing aji antibody response in mela- 
noma patients to gangliosides expressed by melanoma we have shown 
that immunization with GM2 and BCG elicits a brief IgM response in 
most patients, but only rarely IgG. One of the approaches we have 
taken to increase gangliosidc immunogenicity is conjugation with im- 
munogenic protein carriers. We repon that conjugation of GM2 with 
keyhole limpet hemocyanin (KLH) results in increased immunogenic- 
ity in Stage in melanoma patients, and that use of ihc saponin-t>pe 
adjuvant QS21 (Cambridge Biotech. Worcester. MA) funher enhances 
this effect. Median IgM titers bv ELISA after vaccinaiion were; 
GM2 0. GM:-KLH 1/80, GM2-KLH/BCG 1/160, GM2- 
KLH/DETOX 1/160 and GM2 -KLH QS 21 1/12S0. The ar.tibc<:-. re- 
sponse to GM2-KLH/QS21 lasted longer, and IgG antibodies were 
consistently induced (median titer 1/160). This approach can now be 
extended to GD2 and GD3, major melanorr:a gangliosides of poor 
immunogenicity. Supponed by MH grant CA 40532. 
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able by dialysis, and the excess of cleaved Od3 was removed by 
passage ihrough a d« rergcnt-removing column. The degree of cou- 
pling was determined by sialic wcid and protein determinations. The 
weight ratio of Gi>j lo proteins in the different conjugates, shown in 
Table 1, depended on the accessibility of lysine groups ic the proteins. 
The average yield of Gd3 coupled tc proteins was 30%. Gq, conju- 
gates prepared in this way were reactive ^ith aati-Goj tnAb R24 by 
Western blot ar^ysis, although the Goa-aldehyde derivative itself was 
not reactive by ITLC (daia not shown). 

Otigosaccfaaride Coiuugattoo. The carbohydrate part of Gd3. dt- 
siaiylUctose, was coupled to proteins titilizing two methods. The first 
method, reductive aminattor, resulted in conjugaton of the open ring 
fofTD of the gl\jcose to proteins (26). The method required a long 
incubation of the oligosaccharide with proteins, and the yield was less 
than 20%. In the second method (27), involving .V-acTDloylalion of the 
terminal glucose, the oligosaocharide was coupled lo proteins with a 



closed ring fbrrDation. None of these oligosaccharide conjugates 
showed reactivity with mAb R24 by Western blot analysis (data not 
shown). 

InduccioD of a SerologfcaJ Response against Ggj by Immuniza- 
tion wich Gc3-Prutein Coiy agates. All vaccines were welt tolerated. 
Mice were observed for at least 6 months, and neither acute nor 
systemic toxicity wa.s detected. The serological response to immuni- 
zation with Go3 or Goj-protcin conjugates, using OS-21 as adjuvant, 
is shown in Table 1. 05-21 was lised because we bad previously 
demonstrated its superiority over other adjuvants with another carbo- 
hydrate antigen-KJLH conjugate vaccine (29). In ELISA, prciramuni- 
zation sera showed no IgM or IgG antibodies r&active with Gj^y 
Immunization with unconjugated did T^ot Induce tbe production of 
Gd3 antibodies. Immunization with O03 conjugates, on tbe other 
hand, was effective in inducing antibody production. Of the five 
proteins used in tbe preparation of the conjugates, KLH showed the 



Table 1 AntSiody response to immuHiiatiCM wttk diffierent vdcdjiei zcntaimAg Gp^ or disiaiytlaciost conjugate J to carrier proteins 



Rcciprocd EUSA peak titer igaioti Goa 



V«ocine QS-2\ No. of mice weight rtlio' IgG IgM 



On, 


5 






5 


0 33 




U 


069 


GnrcflSA' 


:s 


0?7 




15 


a93 




iO 


1.0 


Goa-Polyly«»e 


10 


ND 




A 


0.035 


Di sialy tUuosc -cBSA*' 


4 


0.16 


OiataJyUactosc-KLH' 


4 


0.Z5 


DUaa ly Uk luse-cBS A' 


4 


0.3-» 


OisiilyllActofte-pDiytyiiDe 


5 


ND 



0<5) 20 (3). 0(2) 

0 (S) 160. 40, 20 (3) 

10^40 (2X S.12C (2). 2^60 (3X 1.2^ <1>. 80 ^\ 40 (2). 0 (2). S*0, 320 (3). 160 (2), 80 (3). 20, 0 

2^60 (2). 320 (2), 150. 80 (2>. 40 (4). 20 (2>. 0 P) 80 (2). 40 (2), 20 0 (4) 

2.56a 80 (4V 20 (3). 0 (7) 1 .280, 320 (2), 160 (7), 60 (4). 4U 

40. 0 (C) 160 (2), 40 (4), 20 (3), 0 

0 (10) 320. 160 C4), 80, 40, 20 (2\ 0 

0(*) 160(3>. SO 

20, 0 (3) ^,20 {3} 

2a 0 (3) 40 C2), 0 (2) 

0 (4) 0 (4) 

0 (5) 90 OX 40 (2) 



• Pnxeio and gaaglicside ooctent were deitfrmined by BioRsd pfolsin assay and by neur»fflintc acid icienmoation according m ifte metttod of Svennerholni (25). 
^ and KLH were mixed prior to immunttation. 

* Onrs WM oovaicnay anadied ic proteins prior lo imaiunizaiiofl sfler ozooolysia u described in **Mat*ria]3 and Meiboos " 
, ^^'"ctoae was coftjugaced to KLH and cBSA by reducUve Ksination aocanlif« to tbe method of Gray (26). 

DuiaJlytaaose was coojugaud to ICLH, cBSA, sad poiy-L-lysiao after .V-acroloyUlioa and Michael addifioo accordiog tc u« aaei}»d of Rcy and Lafftrifcre (27). 
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Fig. Z Tunc oourst of Co3 antibodi«t io^uc«d :n represenlitive mice iminunized with 
GD3'KLHaiid QS-21 vaccine. Each s>n)bol represents ui individual mo jm. Arrows, iime 
of vacciiialiox 



Strongest tinniunogenicity, resulting in a median liter of 1:320 for IgM 
and 1:2560 for IgO antibodies. The specific isotype profile was de- 
termiiied with subcU&s-specific secondary rabbit ami-mouse intibod- 
ICS. Antigen-specific antibodies were found to be prcdontinantly of the 
IgGl subclass. Antigen-specific IgG2a and IgG2b antibodies were 
found only in traces, and no IgG3 or IgA antibodies were detected. 

In contrast to iininuni2ation with G03 conjugates, immunization 
vi'ith Go3-oligosaccharide conjugates induced only a weak IgM re- 
sponse to Go3 and no IgG response. 

Sequential IgM and IgG antibody ti.er^ against Gd^i for five mice 
immuni2ed with Gqs-KLH and OS-21 are shown in Fig. 2. IgM titers 
peaked 2 weeks after the third vaccination and decHned by the time of 
the fiist booster immunization at week 16. The first booster immuni- 
zation had no significant impact on IgM Titers, but the second booster 
immunization at week 28 increased IgM titers to the peak level seen 



after the third vau-inaiioo ot '-he initial scries. IgG titers also rose up 
to 2 weeks after the third vaccination and decreased by the time of the 
first booster vaccinaiion bui rapidly increased after the booster to 
previous peak titers. IgG liters remained at ihis level for 10 weeks, 
with a further increase after the second booster in most tnice. The 
evidence for a secondary immune response after the booster immu- 
nization was therefore equivocal. The response was cleariy more rapid 
than after the ininal immunization and lasted longer, but the increase 
in titer was not comparable to booster responses seen with classical 
T-celi -de pendent antigens. 

Specificity of the Serological Response to Immunization wich 
Goj-ProCein Conjugates. The specificity of the serological response 
to imrr.un' Titian with Gns-prmein conjugates and QS-21 was ana- 
lyrcci by dci-bic: immune staining and ITLC, -\n example of dot-blot 
immune stain analysis is shown in Fig. 3. Preimmune sera and im- 
mtjne sera showing high Go^-antibody titers in ELISA were tested or 
nitroceiiulcse strips :hat had been spotted with Cqj (bbm) or Go? 
(mel) and purifitid structurally relaied gangtiosides: Gvts. G02, Goio? 
and Gtj As expected on ihc basis of the ELISA results, preimmune 
sera showed no reactivity. In contrast, sera obtained after immuniza- 
tion with KLH conjugates of GcvrgangHoside reacted with 0^3 (bbm) 
(the imrrur.ogen) or G03 (mel), but rot with the other gangliosides 
except Gt3 in some cases, a psttern also seen in icsts of the mouse 
monoclonal IgG3 aotibody R24, the reagent by which high ccU sur- 
face expression of Gd5 on human melanoma cells was first defined 
(20). The same specificity pattern was seen in dot-blol immune stain 
tests of sera from mice immunized with other Goj-protein conjugates, 
the only exception being high-tiler sera (by EUSA) from mice im- 
munized with Gd3-cBSA, which showed no reactivity with Gpj or the 
other gangliosides. 

ITLC permits specificity analysis of ganglioside antibodies in tests 
on :issue extracts. Examples 01 tests wiih high-titec sera from mice 
immunized with Gr>.-\-KlH and QS-21 are shown in Fig. 4. The sera 
were rested at a dilution of 1:150 on gangiioside extracts of human 
brain, neuroblastoma, and melanoma, as well as G03 (bbm) that had 
bccD used for immunization. The figure shows HPTLC ganglioside 
patterns of these reagents after staining with rcsorcinot, as comparec 
with the patterns of reactivity exhibited after exposure to sera from 
immuoizcd mice or mAb R24. As can be seen in the resorcinol-suined 
panel, the predominant gangliosides in the brain tissue extract axe 
G.Mi.. Gou. Goib, and Grid, whereas the neuroblastoma e.xtract shows 
Gd2 and Gm2 in addition, ard the melanoma cxtraa contains mainly 
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Fi^4. Unmunc thin-layer chronwiogranis d three reprcsealftdve misuse Mra after 
vaccination with Oo:i-KLH oocjugale and 0S-2I. fgC and IgM anttbodks in pre- and 
poatvaociQacion sera a»d anti-Go> niMsb R24 were tsated on human brain ^ngtiosices 
CAX neuToUastoma gangltoaidcs oielanocna gunglioside& (C>. lod Goa (Z>) (bbm). 
Gar.jliosides were chetrtcutly stained widi reaorcifkil-HCl rugent to demonsme the 
gan^loside compos it ion of each sampte. 

and Gm3 Reacrivtty of IgG antibodies in pcstimmunization sera, 
as well the reactivity of IgG3 mouse monoclonal antibody R24, was 
restricted to Gd3 {Fig. 4/;). The high-titer IgM antibodies, on the other 
hand, showed weak cross- reactivity with other gangliosides aod sul- 
fatide in the brain extract (Fig. 4ay 

Sera from mice immufuzcd with other Gqj conjugates were tested 
ir. *c same way (at lower dilution) and showed the same specificity 
with^ the exception, again, of high-titer sera &om mice immuaized 
with Gd3-cBSA, which showed no gangliosidc reactivity (data not 

ShOWB). 

Cell Surface Reactivity of Imniuiie Sera Determined by FACS 
Analysis. Sera from mice were tested for binding to cells of the 
melanoma cell line SK-MEL-28. a cell line known to express cell 
surface Gi>3- A representative example of a FACS analysis utilizing a 
fluorescein isothiocyanaie-labeled secondary goat ami -mouse anti- 
body is shown in Fig. 5. Sera before and after immunization with 
Gd3-KLH and QS-21 were tested. Preimirjunizalion scrum stained 8% 
of the target cells, postimmunizaiion se^^lm 92%, 

DISCUSSION 

Conjugation of poorly immunogenic antigens to highly immuno- 
genic carrier molecules is a well-knov^'n approach to augmenting 
immunogcnicity. Ganglioside molecules are so small, however, that 



linkage to carrier molecules without affecting the te levant aaiigenic 
epitopes is difficult. We have shewn previously that modifications of 
Gd3 »o its carbohydrate ponicr (i.e.. conversion of sialic ted car- 
boxy 1 groups to amides or gaagliosidcls or lactones) resultb in mark- 
edly increased immunogcniciiy. However, antibodies produced in re- 
sponse to these Go.i derivatives shov^ no cross- reactivity with native 
Goy (11. 30). Covalent atiachment of proteins to the sialic acid nnc!- 
eculcs of Go.i was therefore noi attempted in the present study. Our 
initial approach involved conjugation of G^j oligosaccharide (di&i- 
alyllactose) via :hc terminal glucose in open- or closed-ring configj- 
fition to KLH or jxsly lysine, but these conjugate:* were not recognized 
by the anti-Go;) mAb R24 or by mouse antisera to Cos, an<i ^riice 
immunized with the conjugates did not produce Go3 antibodies. Sub- 
sequently, we coupled G^yy to proteins via its ceramide portion without 
alteration of the carbohydrate moiciy. The ceramide was cleaved with 
ozone at the double bond of the sphingosin base, and coupling to 
proteins was accomplished by reductive amination. Cleavage of gan- 
gliosides by ozoih; lysis and subsequent conjugation with proteins by 
this meihod has not been described, and it has beer generally assumed 
that the aldehyde intermediates of gangliosides would be unstable. 
Fragmentation, initiated by hydroxy ions under alkalbc conditions, 
has been reported. Migration of the double bond would result in 
0-eIiminatior, causing release of the oligosaccharide moiety (22,31). 
We found, however, that the aldehyde was sufficiently stable at neutral 
pH to permit Scniff base formation with amino groups of proteins, so 
that p-clim (nation was not a major probtem. The overall yield was 
30%. These G03 aldehyde-protein conjugates showed reactivity with 
Gd3 antibodies by Western bio; analysis, indicating that the immuno- 
dominant epitopes were intact in these Go? conjugates- However, 
TC activity of the Go?-aldehyde derivative with mAb R24 by (TLC 
could not be shown. This may be due to its relatively unstable nature, 
resulting in 6 dim: nation and release of oligosaccharide during the 
immune stain incubation period, or simply to the fact that the Gr,3- 
aldehyde derivative may not adhere to the thin-layer plate sufficiently 
for serological detection. 

Earlier studies describe oxidative ozonolysis of the glycosphingo- 
lipid olcfinic bond, resulting in a cartjoxyl group that could be con- 
jugated with carbociimide 10 NHj groups of modified glass beads, 
agarose gel, or other macron 10 leculcs (32, 33). This method, however, 
is of limited use for the conjugation of gangliosides to canier proteins 
because it rc<^uires acctylated, methyl ester derivatives of gangliosides 
10 avoid coupling via the sialic acid cartx3xyl group. Deacetylation 
after conjugation under basic conditions is necessary, conditions most 
proteins cannot be exposed to without degradation. 

Once the conjugation method was established, several protein car- 
riers were considered, based on previous work by others. Lowell ei ai 
(34) described an elegant system that resulted in high-titer antibody 
responses as a consequence of anchoring bacterial carbohydrate and 
peptide antigens via a synthetic, hydrophobic foot in OMPs of Neis- 
seria meningitidis (35). This system was directly applicable to gan- 
gliosides because of their amphipaChic nature. In previous studies, we 
adsorbed gangliosides onto OMP by hydrophobic interaction, and wc 
were able to indace high-titer IgM responses (36). Covalent attach- 
ment was utilized in the current smdy, but Gd3-OMP conjugates 
induced only occasional IgG responses, and the IgM response was not 
increased. Conjugation with cationized BSA, which has been reported 
to be a potent carrier for protein antigens (37), resulted in high-tiler 
IgG antibodies detected by ELISA, but immune stains indicated that 
the response was not Goa-specific. Another appealing carrier is the 
MAP system described by J. P. Tarn (38, 3^). MAFs consist of four or 
eight dendritic peptide arms, containing B- and T-cell epitopes, at- 
tached to an ollgomeric branched lysine core. The antibody response 
to peptides was dramatically increased when these constructs were 
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used. When we attached Gdj to the amino tcmiinal end of the MAP 
stnicture containing a malarial T-ccU epitope, only a moderate IgM 
response against Gdj >vas detected, and there was no detectable IgG 
response. Conjugation of Gdj to polylysinc resulted in a mcdium-titei 
IgM response and no IgG response, despite the high density of Gd3 
epitopes on these constructs. 

The carrier that proved to be most etfcctivc in enhancing the arb- 
body response to G£>3 in this series was KLH. Dninunization with 
Go3-KLH consistently induced long-Jasting production of IgM and 
IgG antibodies against G^s at high titers. In comparing KLH with 
cBSA» CMP, MAP, and polylysinc, it is diff.cuJi to know cxacUy why 
KLH is a superior carrier for G©,. The sheer size and antigenic 
complexity of KLH stand cut as a possible aid to antigen processing 
and recntitmeot of T-cell help across a broad range of T-ccH speci- 
ficities. The very qualities that make KLH cumbersonac to work with 
are probably responsible for its unique effectiveness as a carrier in 
conjugate vaccines. KLH has not been v^ideJy used as a carrier for 
conjugate vaccines in huraans because its si^e and heterogeneity make 
vaccine construction and standardization difficult. 

Our hope was that conjugate vaccines would convert the T-cell- 
independeni response against unconjugated Gpa seen in our previous 
studies t a T-<:el]-dependenc response producing high-titcr, long- 
lived, IgG anUbodics. This expectation was fulfilled to some extent 
but not completely. The peak of the IgM response occuncd after the 
third biweekly vaccination as in our previous studies with unconju- 
gated Gd3» but the antibody titers were sigm£candy higher. The 
response declined rapidly (as observed before), and additional vacd- 
nadoas increased IgM titers to previous peak levels. The repeated 
increase in the titer of IgM antibodies to Gd3 after booster iiamuni- 
zations differs from the expected response to T-cell-deperxJent anti- 
gens such as proteins, which generally induce littk or no IgM re- 
sponse after booster imTnunizations. For the first rime, however, we 
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were able to induce a high-titcr IgG response against G03 ganglioside 
consistently. This response lasted significantly longer than the IgM 
response and was increased by additional vaccinations, although the 
response following booster vaccinations was not comparable to the 
exponcndal increase often seen with protein antigens. The fact that the 
Gi>3 antibodies were of the IgGl subclass indicates that a T-cell- 
dependent pathway was aaivatcd by the Gds-KLH conjugate vaccine. 
The lack of a classical booster eefect, however, may reflect the car- 
bohydrate nature of Goa and its status as an auto-andgcn. This sug- 
gests that T-cell recruitment by ganglioside conjugate vaccines is 
limited by the nature of the antigen itself. Nevertheless, the high-titer 
IgM response and long-lived IgG response to vaccination with Gt>3- 
KLH and QS-21 seen in these experiments represents a striking mi- 
provement over the response to unconjugated ganglioside vaccines 
and can now form the basis for clinical trials of gangiiosidc-KLH 
conjugate vaccines in patients ^^.ith cancers tiat show increased gan- 
glioside expression. 
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Abstract 

Melanoma vaccines are an exciting and increasingly attractive immunotherapeutic approach for malignant 
melanoma. Vaccines can be used for patients with high risk primary melanoma and regional disease, stages in 
the progression of melanoma for which there is presently no treatment. They are unique m the.r potential to 

prevent cancer in high risk individuals. , ■ j u »u o„„ 

Multiple approaches are being followed to develop effective vaccines. It is too early to judge whether any 
of them effectively slow the progression of melanoma. However, it is clear that vaccines are safe to use, and 
that they can stimulate immune responses to melanoma in some patients. The specificity of these responses 
needs to be clarified, and multiple challenges remain to be overcome before effective vaccines to melanoma 
become available. We must first idemify the amigens on melanoma that stimulate immune responses, define 
the immune effector mechanisms that are stimulated by vaccine immunization and identify those responsible 
for increasing resistance to tumor growth, devise appropriate ways of constructing vaccines that w.11 induce 
such responds, and find adjuvants and/or immunodulators that will potentiate desirable immune responses. 



Introduction 

Active specific immunotherapy with vaccines con- 
structed of tumor antigens is a conceptually attrac- 
tive approach to treat and possibly prevent cancer. 
The rationale is that such vaccines may be able to 
stimulate the immune system to react more vigor- 
ously, specificially to cancer cells and thus augment 
resistance to a patient's tumor. The most convinc- 
ing evidence that this approach is valid is the fact 
that tumor vaccines prevent some cancers in ani- 
mals [1-3]. Preliminary studies suggest that they 
may slow the progression of some cancers in hu- 
mans [4—12]. 

Tumor vaccines have several potential advantag- 
es over other immunotherapies for cancer. They 
can selectively augment immunity to tumor, and 
thus should have a more potent effect than immu- 
notherapeutic approaches that non-specifically 



augment immune reactivity, such as BCG, IL-2, 
and other immunomodulatory and biological re- 
sponse modifying agents. The immunity induced 
by vaccines has the potential to be long-lasting, as 
opposed to passive immunotherapy with mono- 
clonal antibodies or adoptive therapy with immune 
cells, whose effect is transient. Vaccines can stim- 
ulate cellular responses, which are thought to be 
the principal effector mechanism in immune resist- 
ance to cancer. Vaccines are relatively non-toxic, 
so they can be used early in cancer progression, 
after the surgical removal of the primary tumor, at 
a stage when chemotherapy and other forms of 
immunotherapy are not used because of their toxic- 
ity. Finally, vaccines are unique in their potential 
for preventing cancer. 

As a result, there is now an increasing interest in 
the use of vaccines to treat cancer. Much of it is 
focused on melanoma because it appears to be an 
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excellent model for the study of cancer vaccines 
[13]. This review analyzes the current status of 
cancer vaccines, using our effons to develop a vac- 
cine for human malignant melanoma as an example. 

Rationaie for cancer vaccines 

It is important to realize that the progression of 
cancer depends not only on the insirinsic malignant 
potential of the tumor, but also on the patient s 
immune response to it. As a consequence, it may be 
possible to increase resistance to cancer by stimulat- 
ing specific anti-tumor immunity with a vaccine. 

In the lase of malignant melanoma, the evidence 
that irr. r ^ae mechanisms may increase resistance lo 
this cancer consists of the following observations: 

L The growth of melanoma in humans is influenced 
by host factors. The most dramatic demonstration 
of this is the spontaneous and complete regression 
of disseminated melanoma, a rare but well-docu- 
mented phenomenon that occurs in up to 0.5% of 
patients [14]. Less dramatic but much more com- 
mon is the partial regression of melanoma, an 
event which can be seen in up to 25% of primary 
melanomas [15). There can be a prolonged latent 
period between the removal of a primary tumor 
and the appearance of metastatic lesions; during 
this time tumor cells are present in the body, but 
are prevented from growing by some mechanism 
[14]. Melanoma cells may circulate in tl.e blood 
without metastatic spread, and conversely, meta- 
static disease may be present without a known pri- 
mary [14], suggesting that the cancer cells, meta- 
static and primary respectively, have been de- 
stroyed. All of these events indicate that host fac- 
tors can slow tumor growth and even cause 
regression. Unfortunately, these factors are not 
sufficiently potent to be able to prevent ultimate 
disease progression in most cases. 

Two experiments of nature clearly demonstrate 
that the body has mechanisms available to achieve 
the goal of melanoma immunotherapy, i.e., the 
selective destruction of pigment cells. These are 
vitiligo and the *halo' nevi phenomenon, condi- 
tions in which pigment cells are selectively de- 



stroyed without damage to nearby unrelated cells. 
The cause of pigment cell destruction in these con- 
ditions is unknown, but it is suspected that an anti- 
pigment cell immune response is the common de- 
nominator [16). The presence of hypopigmentation 
favorably influences the prognosis of melanoma 
[17]; this suggests that the host mechanisms that 
selectively destroy normal pigment cells can also 
slow the progression of melanoma. 

2. Tumors including melanoma cells can express 
antigens that differ qualitatively andJ or quantitative- 
ly from (hose on normal adult tissues [18]. These 
antigens are sufficiently different from those on 
normal adult cells to be recognized as foreign and 
to trigger humoral and/or cellular immune re- 
sponses in persons with cancer. At least in some 
cases, these responses have the capacity to destroy 
cancer cells in vitro [19]. 

J. Stimulation of anti-tumor immunity can increase 
resistance to tumor, while immunosuppression can 
enhance tumor growth. As indicated below, active 
immunization to melanoma vaccines can prevent 
melanoma in mice [1. 20). Conversely, immuno- 
suppression of animals by thymectomy or with anti- 
lymphocyte serum leads to more aggressive melan- 
oma growth. The same is true in humans. The 
incidence of melanoma in immunosuppressed pa- 
tients is four to eight times greater than one would 
expect [21]. These observations indicate that im- 
mune mechanisms have a real impact on tumor 
growth, rather than being interesting but clinically 
irrelevant epiphenomena, and that they can be ma- 
nipulated to give clinically desirable results. 

Vaccines prevent cancer in animals 

The most convincing evidence that vaccines can 
increase resistance to cancer is that they prevent 
some tumors in animals [2, 3, 22, 23}. For example, 
we have shown that mice actively immunized to 
vaccines composed of whole B16 melanoma cells or 
to soluble, partially purified antigens extracted 
from the tumor will be protected against a chal- 
lenge of syngeneic B16 melanoma cells that rapidly 



kills all non-immunized mice [1]. This observation 
has been confirmed by others [20, 24]. The protec- 
tive effect is specific [1], indicating that it is medi- 
ated by an immune mechanism. 

Tumor protective immunity is associated with 
the development of specific antibodies and a cellu- 
lar (delayed type hypersensitivity) immune re- 
sponse to B16 melanoma [1, 25]. The antibodies 
are directed to several surface antigens that are 
selectively expressed by B16 melanoma cells [25]. 

It is difficult to induce the rejection of already 
established tumors with vaccines [24]. However, 
this can be accomplished if tumor mass is reduced 
by surgery or chemotherapy, or if immunotherapy 
is initiated soon after tumor inoculation. 

TTie implication of these findings is that tumor 
antigen vaccines may be able to increase resistance 
to cancer in humans, and that the approach will be 
most effective in patients with minimal disease. 
This, in turn, suggests that vaccines should be used 
early in the evolution of tumors or after tumor load 
has been reduced by surgery or chemotherapy. The 
clear ability of vaccines to prevent cancer in ani- 
mals suggests that ultimately the most effective 
applications of vaccines may prove to be the pre- 
vention of this cancer in high-risk individuals. 

Key issues in design of cancer vaccines 

The ideal cancer vaccine should be safe, effective 
against a broad range of tumors of the same hist- 
ological type, sufficiently potent to require only a 
few immunizations, simple to manufacture in a 
reproducible manner, and stable for a prolonged 
period of time. No such vaccine is available. Some 
of the key issues that must be considered in the 
construction of cancer vaccines are discussed below. 



I. Selection of tumor antigen 

In order to be effective, vaccines should be con- 
structed from tumor antigens that are: a) able to 
induce clinically effective immune responses in hu- 
mans; b) expressed on the tumor to be treated; and 
c) located at a site on the tumor where they can be 
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seen by, and can interact with, immune effector 
mechanisms; i.e., on the external surface of tumor 
cells. Antigens that satisfy these requirements have 
not yet been identified. 

2. Tumor antigen immunogenicity 

Th'i most basic requirement for a cancer vaccine is 
that it contains tumor antigens that can stimulate a 
strong and clinically effective antitumor immune 
response in humans. Linle is known about the 
identity of such antigens. Most tumor antigens 
have been defined with monoclonal antibodies that 
are raised by immunizing animals with human tu- 
mor cells. These identify antigens that are recog- 
nized as foreign in animals, but they provide no 
information about the immunogenic potential of 
the antigen in humans. It is possible to identify 
tumor antigens that are immunogenic in humans by 
using human monoclonal antibodies, allogenic or 
autologous antisera, or human T cell clones. By 
applying these techniques, several antigens on ma- 
lignant melanoma that are immunogenic in humans 
and cross reactive among melanomas have recently 
been identified. These include the gangliosides 
GD2, O-acetylated GD-3, and GM-2, a 250 kD 
glycoprotein, a urinary tumor associated antigen, 
and a 48 kD antigen. We have used immunoprecip- 
itation SDS-PAGE analysis to compare the pattern 
of melanoma antigens defined by pre- and post- 
vaccine treatment sera in the same patients to di- 
rectly identify antigens that can induce immune 
responses in humans. These have turned out to be 
cell surface antigens with molecular weights of 
200+, 150, 110, 75, and 38kDs [26]. The 200-1- and 
110 kD antigens are of panicular interest for vac- 
cine construction because they appear to be the 
most immunogenic, and seem to be selectively ex- 
pressed on melanoma (27). The functional effect of 
the immune responses induced by these antigens is 
still not known. Further application of these ap- 
proaches will hopefully lead to the definition of 
panels of immunogenic tumor antigens that are 
broadly expressed on different melanomas and can 
be used to construct purified second generation 
vaccines. 
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J. Tumor antigen heterogeneity and modulation 

For vaccine immunotherapy to be effective, the 
immune responses induced must be directed to 
antigens expressed by the tumor being treated. 
Unfortunately, the pattern of tumor antigens ex- 
pressed by cancers of the same histological type in 
different individuals is variable . There is also varia- 
lion in the pattern of tumor antigens expressed by 
different tumor nodules in the same individual, and 
by different tumor cells in the same nodule [28). In 
addition, as a result of antigenic modulation, the 
profile of tumor antigens expressed by a tumor 
during its progression may be altered by the im- 
mune response of the host (29). As a consequence, 
it is unlikely that vaccines prepared from a single 
tumor antigen will be effeaive against a broad 
range of tumors of the same histological type. For 
the same reason preparing autolegors vaccines 
from a patients own tumor cells does not ensure it 
will be effective against other tumor cells in the 
same patient. However, many tumor antigens are 
commonly expressed on many, although not all, 
tumors of the same histological type. The expres- 
sion of different common antigens is complemen- 
tary, so tumor cells that lack a particular antigen 
may express other types of tumor antigens [28]. 
Thus, a viable strategy for circumventing the anti- 
genic heterogeneity of tumors is to construct poly- 
valent vaccines containing a broad range of widely 
expressed immunogenic tumor antigens. 

4. Potentiating vaccine immunogenicity 

Tumor associated antigens are weak immunogens. 
As an example, antibody and/or cellular response 
to melanoma in patients with this cancer are the 
exception rather than the rule [2^31]. Methods 
must be developed to boost the activity of those 
antigens that are capable of inducing immune re- 
sponses in humans. 

Three general strategies are available to aug- 
ment the immunogenicity of antigens: 1) Modifying 
their physical or biochemical properties or present- 
ing them in muliimeric units that are more immu- 
nogenic. 2) Administering the antigen together 



with an adjuvant. 3) Using immunomodulators to 
increase the ability of the host to respond to the 
antigen and to drive the responses that are induced 
in a desired direction. These approaches are not 
mutually exclusive. It is likely that combinations 
will have an additive jor synergistic effect. 

Examples of antigen modifications that have 
been atten^.pted to augment the immunogenicity of 
melanoma antigens includes physical aggregation 
of the antigens, neuraminidase treatment (8), and 
infecting the melanoma cells with live nonpatho- 
genic viruses [5, 7, 11]. Melanoma antigens have 
been coated unto liposomes or incorporated into 
vaccinia virus to enable their presentation in multi- 
meric units. No comperative studies are available 
to judge the relative efficacy of these procedures. 

The classic approach to augmenting the immu- 
nogenicity of vaccines is to use an adjuvant. Un- 
fortunately, adjuvants that are safe for humans, 
such as alum, are not very potent, while potent 
adjuvants such as BCG or Freund's complete ad- 
juvant can cause severe skin reactions. A number 
of newer adjuvants have been developed which, it 
is claimed, retain the potency of mycobacterial ad- 
juvants without toxicity. Full clinical evaluation of 
these adjuvants in humans is still pending, so their 
effectiveness is not known. 

There is increasing interest in using immuno- 
modulators such as cyclophosphamide, interleu- 
kin-2, and other lymphokines alone or in combina- 
tion in order to more vigorously drive forward im- 
mune responses that are stimulated by vaccines or 
to inactivate suppressor machanisms that may de- 
press the response. The most extensively studied 
immunomodular is cyclophosphamide (see below) . 
The effect of these agents on the immunogenicity 
of vaccines in humans is still unclear. However, one 
concern is that many immunomodulators are toxic 
in their own right, and/or require repeated admin- 
istration in a hospital or physician's office, which 
negates a major attractiveness of tumor vaccines - 
their safety and ease of use. 

5. Stimulation of inappropriate immune responses 
Immune responses to tumors are complex both in 
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their variety and in their effect. While some re- 
sponses may damage tumor cells and hinder tumor 
growth, others may protect these cells and enhance 
their growth [32]. Thus a critical aspect of vaccine 
development is the identification of beneficial im- 
mune responses, as evidenced by a correlation be- 
tween the presence of such a response and a favor- 
able clinical outcome. As described below, we have 
found such a correlation between the stimulation of 
a delayed type hypersensitivity response to vaccine 
immunization and a delay in tumor recurrence. 

An aspect of this problem that has been the 
object of particular attention is suppressor cell 
function, which may depress immune responses to 
active immunization to tumor antigens. Several 
strategies are available to minimize suppressor cell 
acr.-w . Immunization with low doses of antigens 
[33 j -;id intradermal administration of antigens 
[33] both reduce suppressor cell function. Cytotox- 
ic drugs such as cyclophosphamide administered 2 
to 4 days prior to antigen challenge may selectively 
inactivate suppressor cells and, in animals, can en- 
hance the immunogenicity of vaccines. Studies in 
patients with advanced melanoma suggest the same 
may be true in humans [9]. However, in our study 
of this agent we did not find that it potentiated the 
immunogenicity of a melanoma vaccine in patients 
with early (regional disease) melanoma [34). As a 
result, we suspect that the vaccine potentiating ac- 
tivity of cyclophosphamide may be restricted to 
patients with advanced disease, in whom there may 
be greater disturbance in suppressor cell function. 



6. Tumor load 

Animal studies indicate that tumor vaccines are 
most effective if the tumor load is small. The impli- 
cations of this finding are twofold: a) Vaccines 
should be used to treat patients with minimal dis- 
ease, b) The usual criterion used to evaluate the 
effectiveness of chemotherapeutic agents, i.e., the 
ability to cause regression of established disease, 
should not be used as the critical test of tumor 
vaccine effectiveness, as it may miss important ben- 
eficial effects in preventing tumor recurrence. The 
regression of established melanoma in vaccine- 



treated patients with disseminated disease has been 
reported [36, 10, 9) , so vaccine may also be active in 
patients with advanced disease. 

Vaccine design strategy. 

Our strategy for constructing a vaccine for melan- 
oma was designed to circumvent some of the prob- 
lems described above. Its major elemets are: 
a) Preparation from a pool of melanoma cells, se- 
leaed because they express different patterns of 
melanoma antigens, in order to create a polyvalent 
vaccine that can circumvent tumor antigen hetero- 
geneity, b) The use of cultured cells to ensure a 
continued and reproducible supply of material for 
vaccine preparation and to permit treatment of 
patients in whom no tumor tissue is available, 
c) Adapting the melanoma cells to grow in serum- 
free medium to exclude these highly immunogenic 
and undesirable proteins from the vaccine, d) Pre- 
paring the vaccine from shed material, e) Further 
purifying the vaccine to deplete HLA antigens. 
The elements of this strategy and their advantages 
in relation to other approaches to vaccine design 
are discussed below. 



1. Selection of cells for vaccine preparation 

It is clear from: a) the antigenic heterogeneity of 
tumors, and b) the lack of information about the 
nature of tumor antigens that stimulate protective 
immune responses, that cancer vaccines should 
contain multiple tumor associated antigens. They 
will then be more likely to contain immunogenic 
antigens expressed by the tumor to be treated. For 
this reason we prepared our vaccine from a pool of 
four different melanoma cell lines, selected be- 
cause they expressed different patterns of melan- 
oma associated antigens. As described later, this 
approach was successful in creating a vaccine that 
contained multiple melanoma associated antigens 
(MA As). Most of the MAAs tested for were pre- 
sent in the vaccine, so it is probable that it contains 
additional MAAs that were not tested for. At least 
one of the MAAs present in the vaccine was ex- 
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pressed by each of 23 metastatic melanomas that 
we immunophenotyped, so the antigen mix in the 
vaccine seems appropriate for circumventing the 
antigenic heterogeneity among melanoma. 

An alternate strategy for dealing with tumor an- 
tigen heterogeneity is to prepare vaccine from au- 
tologous tumor cells obtained from the patient to 
be treated. There are several problems with this 
approach. The first is that autologous vaccines do 
not circumvent the problem of tumor antigen het- 
erogeneity. The antigen profile of different tumor 
cells in the same person is variable. As a conse- 
quence, vaccine prepared from tumor nodule A 
will not necessarily contain the antigens expressed 
by tumor nodule B in the same individual. Autolo- 
gous vaccines are impractical, since an individual 
vaccine must be prepared for each patient. Finally, 
perhaps the greatest drawback of autologous vac- 
cines is that they require a fair amount of tumor 
tissue for their preparation, so they cannot be used 
in the patients v ith minimal disease who are the 
best candidates for vaccine immunotherapy, in pa- 
tients whom no fresh tumor tissue is available, or 
prophylactically to prevent disease. 

Another consideration in selecting tumor cells 
for vaccine preparation is whether they should be 
freshly obtained from surgically excised tumor tis- 
sue or maintained in tissue culture. Fresh tumor 
tissue is more likely to express antigens relevant for 
immunotheraphy. However, its use is impractical 
for the reason discussed with autologous antigens - 
the need to make individual vaccine for each pa- 
tient and the inability to treat patients with no 
available tumor tissue. Cultured cells, on the other 
hand, provide an economical and reproducible 
source of material for vaccine production and en- 
able the preparation of generic vaccines that can be 
used to treat all patients with the same histological 
type of tumor, as well as patients who have no 
tumor tissue available. 

The cells used to prepare our vaccine have been 
adapted to grow in serum-free medium in order to 
avoid contaminating the vaccine with this undesir- 
able material. FCS proteins are highly immunogen- 
ic, and appear to be responsible for many of the 
immune responses induced by human tumor vac- 
cines prepared from cultured cells (37-39). This 



approach seems to have been successful, since no 
FCS protein can be detected in our vaccine (36]. It 
should be noted that because FCS protem adheres 
tightly to cells, simply washing tumor cells or in- 
cubating them briefly in serum-free medium will 
not get rid of the FCS protein. 

i. Collection of tumor antigens for vaccine 
production 

A key step in our method of vaccine preparation is 
to obtain the antigens used to construct the vaccine 
from surface material shed by the melanoma cells. 
It is based on the principle that tumor cells rapidly 
release into the culture medium a broad repre- 
sentation of cell surface components, including tu- 
mor antigen [40, 41). Shed material has several 
advantages as a source of tumor antigen for vaccine 
construction. It is easily collected, in a manner that 
can be scaled up for commercial production. The 
tumor antigens are partially purified, as they are 
separated from the bulk of unrelated cellular com- 
ponents that are in the cytoplasm and are pooriy 
released in the short collection periods used. As a 
result the shed material is enriched in surface anti- 
gens [41), which are most relevant for immunoth- 
erapy. The antigens can be repeatedly harvested 
from the same cells, reducing culture require- 
ments. 

There are other methods for obtaining tumor 
antigens for vaccine preparation. Most involve the 
use of whole tumor cells. The cells are either used 
intact [12, 9), or after they have been broken up 
mechanically with detergents or other treatments, 
or lysed with non-pathogenic viruses such as vacci- 
nia [5, 11. 7). Newcastle disease [5], or VSV (38). 
The bulk of the material in such vaccines is derived 
from the cytoplasm, rather than from the surface of 
the cells, and is thus irrelevant to vaccine activity. 
The presence of irrelevant antigens in the vaccine 
may diminish immunogenic activity through anti- 
genic competition. Vaccines prepared from whole 
cells are contaminated with nuclear material that 
creates increasing safety concerns as the vaccine is 
used to treat less advanced disease. Vaccines pre- 
pared from viral oncolysates present the additional 



safety concern that they contain live viral particles, 
although this is counterbalanced by the possibility 
that the viral components increase the immunogen- 
icity of the tumor antigens. 

Ideally, vaccines should be constructed from 
pure tumor antigens. Unfonunately, this approach 
seems premature, since the tumor antigens that 
should be used for this purpose - antigens that can 
induce strong tumor protective immune responses 
in humans - are not known. 



4. Vaccine purification 

As it is prognosed from shed antigens, the vaccine 
is already fairly purified as it is separated from the 
bulk of cytoplasmic and nuclear cellular material 
which IS poorly shed. The vaccine is put through a 
further simple purification procedure intended to 
deplete HLA antigens, which involves detergent 
treatment and ultracenirifugation. Much of the 
material shed by melanoma cells is in fragments or 
vesicles. These can be broken up with detergent to 
release tumor antigens in a soluble form that re- 
mains in the supernatant after ultracenirifugation 
[41]. However, as others have found and we con- 
firmed [41], ultracentrifugation still sediments de- 
tergent treated transplantation antigens, providing 
a simple way of separating HLA from tumor anti- 
gens. 



Properties of vaccine 

The vaccine contains multiple melanoma-associ- 
ated antigens (MAA), including the 240+ kD pro- 
teoglycan antigen (described by S. Ferrone and Dr. 
R. Reisfeld), the p97kD MAA (described by Dr. 
K. Hellstrom). the 26, 29. 95, 116kD antigen (de- 
scribed by Dr. H. Koprowsky), and 75, 95, 120, 
140, 150, and 240 kD MAAs defined by polyclonal 
antisera raised in our laboratory. A number of the 
antigens in the vaccine have been shown to be 
immunogenic in humans (see below). It is free of 
fetal calf serum proiems {36]. The vaccine can be 
made reproducibly, as three batches prepared on 
different occasions contained the same pattern of 



melanoma associated antigens [36]. For use, the 
vaccine is bound to alum as an adjuvant. 



Steps in evaluating a tumor vaccine 

The clinical evaluation of cancer vaccines involves 
three major steps: a) Evaluating safety in humans, 
b) Evaluating biological activity or immunogenic- 
ity - can the vaccine stimulate antibody/cellular 
immune responses to the tumor, and if so, how 
often, c) Evaluating clinical effectiveness - can the 
vaccine slow the progression of the tumor. 



Safety 

Our vaccine has been administered to over 200 
patients. There has been no toxicity other than 
transient urticaria at the injection site (43). A small 
asymptomatic granuloma, caused by the alum, re- 
mains at the injection site for several months. 
There has been no skin ulceration. 

Other cancer vaccines have been administered to 
several thousand patients. No toxicity due to the 
intrinsic properties of the vaccines themselves has 
been reported. The enhancement of tumor growth 
resulting from the stimulation of inappropriate im- 
mune responses, or the induction of autosensitiza- 
tion. are theoretical risks. No clear evidence of 
these phenomena has been reported. 

The side effects of vaccine immunotherapy have 
been caused, not by the vaccines themselves, but 
by the adjuvants (such as BCG, Freund's com- 
plete, or incomplete adjuvant) given to enhance 
the activity of the vaccine. These can cause persist- 
ent ulceration at the site of injection, and fever. It 
can be expected that side effects will also result 
from some of the immunodulators now being con- 
sidered to boost vaccine immunogenicity. As the 
use of tumor vaccines is extended to patients with 
milder disease or to prevention of disease in 
healthy but high-risk individuals, the concern for 
safety will increase. Specific areas of concern in- 
clude the presence of nuclear material or live viral 
particles in some vaccine formulations. 

In summary, tumor vaccines appear to be rela- 
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lively safe, and are associated with fewer side ef- 
fects than conventional chemotherapy or other 
forms of immunotherapy. 

immunogenic properties of vaccine 

This is an important attribute of a vaccine's activ- 
iiy, as it is unlikely that a vaccine will be clinically 
effective if it cannot induce or augment immune 
responses to the tumor being treated. 

In addition, the type and frequency of immune 
response induced by a vaccine may provide early 
clues as to its clinical effectiveness. For this reason, 
an important area of investigation is the correlation 
between parameters of the immune response to 
vaccine immunization and clinical outcome. 

Evaluation of a vaccine's immunogenic potential 
involves measuring the antibody and/or cellular 
response (preferably both) it is able to induce in 
humans, and determining whether these responses 
are directed to tumor as opposed to unrelated anti- 
gens. In the case of our vaccine, we found thai 
antibody (measured by protein A-sepharose im- 
muno recipitation) and cellular (measured by DTH 
response to skin tests to vaccine) immune re- 
sponses to melanoma were induced or augmented 
by immunization in 24% and 51%, respectively, of 
the first 55 patients treated [43]. 

It is important to realize, when studying the im-, 
munogenic potential of vaccines, that the incidence 
of immune responses delected will depend heavily 
on the sensitivity of the assay used. As an example, 
we detected vaccine-induced antibody response to 
melanoma in 61% of 26 sequential patients using a 
recently improved immunoprecipitation SDS- 
PAGE analysis assay [26, 27] but in only 11% of 
these patients using our former assay. 

The antibodies induced by our vaccine are di- 
^recied to one or more cell surface antigens with 
approximate molecular weights of 200+ , 150, 110, 
75 , or 38 kDs [26). The most immunogenic antigens 
are the 200+ kD and the llOkD molecules [27]. 
Both are melanoma-associated, as they are prefer- 
entially expressed on melanoma cells. Both anti- 
gens were expressed on four of five human melano- 
mas, but on only two of 12 control cell lines. These 



antigens are not related to HLA molecules based 
on their molecular weight, nor to FCS proteins, as 
antigen binding is not blocked by an excess of cold 
FCS. 

The DTH response to the vaccine was carefully 
analyzed, as it correlates with an improved clinical 
outcome. DTH responses were induced in a varia- 
ble (18% to 54%) proponion of patients, depend- 
ing on the immunization procedure used. The most 
immunogenic regimen involved using alum as an 
adjuvant [35]. 

TTie DTH response appears to be selectively di- 
rected to melanoma. None of the first 17 patients 
with a DTH response to the vaccine reacted to skin 
tests to an equal amount of a control vaccine pre- 
pared from allogeneic lymphocytes pooled from 
five different normal donors [43]. Since pooled 
lymphocytes are a rich source of a broad spectrum 
of class 1 and II MHC antigens, it is unlikely the 
DTH response induced by the melanoma vaccine is 
directed to MHC antigens. Only 1 of the 24 patients 
with a strong DTH response to the vaccine reacted 
to skin tests with concentrated complete culture 
medium used to grow melanoma cells, making it 
unlikely that the DHT response is induced by a 
culture medium contaminant. 

The vaccine also stimulates a T cell response 
which can be measured in vitro and which is selec- 
tively directed, at least in part, to melanoma. In 
vitro c\iotoxicity was measured sequentially before 
and after vaccine immunization in 18pts by Dr. 
Aliza Adler using a direct 4hr ^'Cr release assay. 
Periphereal blood lymphocytes (PBL) were the ef- 
fector cells, and a panel of the four melanoma cell 
lines used for vaccine preparation (M14. M20, 
HM54, SK-Mel-28) and four control cell lines (mel- 
anoma [SK-Mel-23], colon carcinoma [SK-COl], 
K562. Daudi) were the targets. Enhanced cytolytic 
activity lo melanoma following vaccine immuniza- 
tion was detected with a frequency that depended 
on the melanoma cells used as targets. The most 
sensitive target was M20 melanoma. Vaccine treat- 
ment enhanced cytolytic activity to these cells in all 
patients studied. In two patients, this response was 
directed selectively to melanoma, i.e., cytolytic ac- 
tiviiy was strongly augmented to M20 and weakly 
to M14 and SK-Mel-28 melanoma cells, but was 
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unchanged against control ceils. In the other pa- 
tients PBL killed both melanoma and some non- 
melanoma cells, suggesting that immunization 
stimulates both melanoma selective and non-selec- 
tive cytolytic cellular responses. 

The vaccine can stimulate a cellular immune re- 
sponse to a patient's own tumor. Dense (> 15 cells/ 
high power field) infiltrates of tumor infiltrating 
lymphocytes (TIL) were more frequent in subcuta- 
neous metastases removed from vaccine-immu- 
nized patients (10 of 11 patients, 91%) than in 
similar metastases removed from non-immunized 
patients (9 of 22, 41%, p= 0.02) [42]. 

Clinical efTectiveness of melanoma vaccine 
immunizatton 

Randorr.inzed, concurrently controlled, clinical 
trials have not yet been carried out with any melan- 
oma vaccine. Consequently, the clinical effective- 
ness of melanoma vaccines in slowing the progres- 
sion of melanoma is still uncertain, but there are a 
number of promising preliminary observations. In 
advanced disease, we (36] and others [9, 10] have 
observed occasional regression of established dis- 
ease. However, as the course of melanoma is errat- 
ic it is unclear to what extent these favorable re- 
sponses are the result of vaccine treatment. 

As an alternate approach to examining the im- 
pact of vaccine treatment on the progression of 
melanoma, we have correlated the ability of the 
vaccine to induce an immune response to clinical 
outcome. The analysis was conducted in 99 sequen- 
tial patients with post-surgical stage II (regional 
disease) melanoma. The DTH response to the vac- 
cine was measured prior to and following the fourth 
vaccine immunization. There was a relationship 
between the magnitude of vaccine-induced in- 
crease in DTH response and prolongation in dis- 
ease-free (DF) survival. Median DF survival was 4 
years longer in the patients with a strong increase in 
DTH response to the vaccine than in non-respon- 
ders (>65vs 12 months, respectively). By Cox 
proportional hazard analysis the relationship be- 
tween the strength of the DTH response and the 
increase in DF survival was significant (P = 0.01), 



and could not be accounted for by differences in 
desease severity (thickness or level of primar\' le- 
sion, age, sex, number of involved regional nodes, 
nodes clinically positive at presentation) or im- 
mune status (as evaluated by responses to recall 
antigens or by sensitization to DNCB). There is 
also a correlation between the ability of an immuni- 
zation procedure to stimulate DTH response and 
delay in tumor recurrence [35] . 

These results indicate that the DTH response to 
vaccine immunization correlates with the clinical 
outcome. This finding suggests that vaccine immu- 
nization may be effective in delaying tumor pro- 
gression in patients in whom the vacccine can stim- 
ulate a DTH response. 

Prevention of cancer with vaccines 

An exciting potential application of cancer vac- 
cines is the prevention of cancer. This is a reason- 
able possibility, as it can be done in animals (as 
described earlier). Hopefully, this can also be ac- 
complished in humans. The prevention of cancer 
may in fact prove easier to accomplish than the 
treatment of established disease. In mice, it is eas- 
ier to prevent melanoma with vaccines than to slow 
its progression once it is present [24], Similarly, 
vaccines for infectious diseases are more effective 
in preventing than in treating disease. If the melan- 
oma vaccines currently being developed prove to 
be safe to use and effective in patients with estab- 
lished melanoma, it will be reasonable to examine 
whether they can prevent melanoma in patients at 
high risk of developing this disease. As a result of 
the considerable progress that has been made in 
identifying risk factors for melanoma, such individ- 
uals can be identified with a fair degree of preci- 
sion; this includes persons with large congenital 
nevi or with familial dysplastic nevi syndrome and a 
family history of melanoma. 

Conclusions 

Cancer vaccines are a conceptually attractive meth- 
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od for treating and possibly preventing cancer, for 

the following reasons: 

1. They can prevent cancer in animals. 

2- They are relatively safe to use, and have fewer 
side effects than conventional chemotherapy 
and other forms of immunotherapy. 

3. They are biologically active, and can stimulate 
immune responses to cancer in some patients, 
including responses directed to the patient's 
own tumor. 

4- Preliminary studies suggest they may be able to 
slow the progression of some cancers in humans . 

5. Because cancer vaccines are relatively safe, they 
are particularly attractive as adjuvant therapy in 
early disease, a stage in the evolution of most 
cancers for which there are no effective ther- 
apeutic options after surgery. 

6. C :-cer vaccines are unique in their potential 
application to preventing cancer. 

Key unanswered questions 

Researchers should be considering the following 
topics: 

1 . The identity of tumor antigens which are immu- 
nogenic in humans and which should be used for 
vaccine construction. 

2. The appropriate mix of immunogenic tumor an- 
tigens required to construct polyvalent vaccines 
that can circumvent the antigenic heterogeneity 
of tumors. 

3. The development of appropriate methods for 
boosting the immunogenicity of vaccines. 

4. Tlie identification of vaccine-stimulated host ef- 
fector mechanisms that are important in protec- 
tive immunity. 

5. The demonstration that vaccines are clinically 
effective by conducting randomized, concur- 

^ rently controlled clinical trials. 
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GD3 IS Che ganglioside most abundantly expressed on the 
cell surface of human melanoma, and treatment with a mu- 
rine MAb recognizing G03 has induced major responses in a 
snruUI pr oport io n of patients with melanoma. We have there- 
fore attempted to induce production of GD3 antibodies in 
melanoma patients by active immunization. We found, how- 
ever, that vaccination with G03-expressing melanoma celb 
or purified GD3 does not result in antibody production. We 
describe here attempts to overcome the poor immunogenic- 
ity of GD3 in patients with nnelanoma by chemical modifica^ 
don. GD3 lactones, GD3 amide and GD3 gangliosidol were 
synthesized, and the humoral immune response to these de- 
rivatives was analyzed. Immunization of melanoma pati^ts 
with these GD3 d^ivatives resulted in production of IgM an- 
tibodies and, in the case of G03 amide, also of IgG antibodies. 
The antibodies to the GD3 derivatives did not cross-react 
with GD3. This is in contrast to observations in the mouse, 
where G03 lactone I induced antibodies that showed cross- 
reactivity with GD3. Thus, the human immune response was 
specificalty directed toward the nrK>difled epitope, rather than 
to the native structure. 

In studies of the humoral immune response to ganglioside 
vaccines in patients with malignant melanoma, it has been 
shown that GM2 is consistently immunogenic, that GD2 elicits 
an antibody response only rarely and that GD3 does not induce 
production of antibody (Tai et ai., 1985; Livingston et aL, 
\9%lb). GD3, however, is of particular interest for vaccine 
construction because it is the most abundantly expressed gan- 
glioside of human melanomas (Portoukalian et aL , 1976; Pukel 
et al., 1982), and because treatment with an MAb recognizing 
GD3 has induced major responses in a small proportion of 
patients with melanoma (Houghton et al.. 1985; Dippold etal., 
1985). An approach that has been adopted to enhance the poor 
immunogenic ity of antigens is the construction of chemically 
: . . ^ ' . . - ^ t at : < : : ; I ^ • t ; ! * \ \ i *\\ .c ic:c 
tion with the native molecule. With regard to ganghosides, 
Nores et aL ( 1987) have reported that the poor immunogenic ity 
of GM3 in mice can be overcome by immunization with GM3- 
lactones. In addition, we have shown that GD3 lactones, amide 
and gangliosidol are immunogenic in mice, and that GD3 lac- 
tone I induces production of antibodies that cross-react with 
GD3 (Ritter et al,, 1990a). We report here that these GD3 
derivatives were also immunogenic in patients with malignant 
melanoma. In contrast to the situation in mice, however, the 
antibodies elicited by GD3 amide, GD3 lactones and GD3 
gangliosidol in humans were specific for the respective immu- 
nogens, and showed only weak reactivity with unmodified 
Gp3 in ELISA, no reactivity with GD3 in dot-blot immune 
stains or ITLC, and no reactivity with human melanoma cells 
expressing GD3. 



MATERIAL AND METHODS 

Gangliosides 

GM3, GM2, GMl, GDlb and GD3 were provided by Fidia 
t Abano Terme, Italy). GD2 was prepared from GDlb by treat- 
ment with bovine testis p-galaciosidase (Distler and Jourdian, 
1978). Gangliosides of human melanoma cell lines SK- 
MEL-19, SK-MEL-21 and SK-MEL-28 were prepared without 



saponification or peracetyiation by published procedures (Mo- 
moi and Wiegandt, 1980; Ritter et aL, 1987). 

Ganglioside derivatives 

GD3 derivatives were prepared as described by Ritter et al. 
(1990a). Briefly, GD3 lactones were prepared by treating calf 
brain GD3 with glacial acetic acid (Ando et aL, 1989). Lac- 
tones were separated according to charge by DEAE-Sefrfiadex 
A-25 chromatography, elating lactone II in chloroform/ 
methanoi/water 30:60:8 v/v and lactone I in 0.05 m NH4AC in 
methanol (Iwamori and Nagai, 1978). GD3 amide was ob- 
tained by aminolysis of GD3 lactone II (Sonnino et aL, 1983), 
followed by treatment with 0.05 m NaOH in methanol for 60 
min at 3TC. GD3 gangliosidols were obtained by reduction of 
GD3 lactone II with sodium borohydride (Nores et aL, 1987). 
All derivatives wisre further purified by Sephadcx LH-20 chro- 
matography using chloroform/methanol 1:2 v/v as eluent. TLC 
characteristics and structures of GD3 and GD3 derivatives are 
shown in Figure 1. 

Monoclonal antibodies and enzymes 

Rabbit anti-human IgM, rabbit anti-human IgG and goat 
anti-mouse IgG conjugated with alkahne phosphatase were ob- 
tained from Zymed (San Francisco, CA); goat anti-human IgM 
and goat anti- human IgG conjugated with peroxidase were ob- 
tained from Tago (Burlingame, CA). Murine antibodies 
against human IgG subclasses MC002, MC(X)3, MC004, 
MC006, and MC007 were obtained from The Binding Site 
(Birmingham, UK) and JDC-1, JDC-IO, AC3-AAI, C3-8-80, 
and C27-15 from Southern Biotechnology (Birmingham, AL). 

Patients 

PaMf^nts with melanoma metastases restricted to regional 

metastases and regional lymph nodes had been resected within 
the previous 4 months and if they were free of detectable 
melanoma. None of the patients had received prior chemother- 
apy or radiation therapy. Examination of patients, including 
neurological examination, was performed at 6-weekly inter- 
vals. Chest X-rays, liver function tests and urine analysis were 
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Abbreviations: The designations GM3. GM2, GMl, GD3. GD2, GDla 
and GDlb are used in accordance with the abbreviated ganglioside no- 
menclature proposed by Svennerholm (1%3). GSL, glycosphingo lipid: 
MAb. monoclonal antibody: TLC. thin- layer chromatography; ITLC. im- 
mune thin- layer chromatography; HPLC, high-performance liquid chro- 
matography; lA. immune adherence; PA. protein A; ELISA, enzyme- 
linked immunosorbent assay. 
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Figure 1 - Stnictures and thin-layer dw-omatography characteristics of ganglioside derivatives used in this study. HPTLC on silica eel plate 
running solvent chloroform/methanoi/0.02% aqueous CaCK 60:35:8 v/v; staining reagent: orcinoyH.SO^. "''il^ on suicagei piaic. 



obtained at 3-monthly intervals. Blood for serological studies 
was obtained at 2- weekly intervals. 

BCG -ganglioside vaccines 

Ten million viable units of BCG (Tice strain. University of 
Illinois, Chicago. ID, or 3 x 10** units in the case of patients 
showing strong reactions to BCG. were suspended in distilled 
water and added to tubes containing dried, purified ganglio- 
sides. The suspension was lyophilized and the residue "sus- 
pended in phosphate-buffered saline shortly before vaccine ad- 
niinistration. Following this procedure, all ganeiiosides were 
attached to BCG. presumably by hydrophobic interaciions. as 
previou^iv rcponed for the ganglioside GM2 (Livingston et al.,. 
1987a). Vaccines containing 100 M-g of an individual ganglio- 



side per injection were injected intradermally into extremities 
with intact lymphatic drainage at 2-weekly intervals for a total 
of 3 vaccinations. In addition, a booster vaccine injection was 
administered 2-3 months after completion of the initial series 
of vaccinations unless there was evidence of recurrence. 

Cyclophosphamide administration 

Cyclophosphamide (Cytoxan. Mead Johnson, Syracuse. 
NY) 200 mg/m- was administered i.v. to all patients 4-6 davs 
prior to the first vaccine injection. 

Skin tests for delayed-type hypersensitivity fDTH) 

Twenty-rlve micrograms of ganglioside suspended in 0.05 
ml normal saline were injected intradermally. Skin tests for 



IMMUNOGENICITY OF GD3 DERIVATIVES 



381 



f)TH against recall antigens were performed and interpreted as 
Jcscribed by Pinsky et ai. (1974). 

Hiah-performance thin-layer chromatography 

TLC analysis was performed on HPTLC silica gel glass 
plates (Merck. Darmstadt, Germany). Gangliosides and gan- 
iiiioside derivatives were separated in chloroform/metha- 
nol/0.02% aqueous CaCK 60:35:8 v/v solvent and visualized 
hy staining with orcinol/H2S04 or resorcinol/HCl. 

Immune thin-layer chromatography 

Immunostaining of gangliosides with human sera after sep- 
aration on HPTLC silica gel glass plates was performed as 
described (Magnani et ai.. 1980; Ritter et at,, 1987). Peroxi- 
dase activity was detected with 4-chioro-l-naphihol. 

Enzyme-linked immunosorbent assays (EUSA) and dot-blot 
immune stains 

These assays were performed as described (Ritter et ai., 
19906). Briefly, ELISA were performed with rabbit anti- 
human IgM or anti-human IgG conjugated with alkaline phos- 
phatase, and readings were obtained at 414 nm. Antibody titer 
was defined as the highest serum dilution yielding an OD of 
over 0.190. Dot-blot immune stains were performed on nitro- 
cellulose membrane strips (0.2(xg, Schleicher and Schuell, 
Keene, NH) using a serum dilution of 1:150 and peroxidase- 
conjugated goat anti-human IgM and goat anti-human IgG an- 
tibodies diluted 1:500. Staining intensity was graded as nega- 
tive, 1 + , 2+ or 3 + . 

IgG subclass determination 

IgG subclass determination was performed by ELISA using 
subclass-specific murine MAbs. The lowest dilution of the 
secondary antibody that showed no reactivity with pretreatment 
serum or other negative control sera was used. Goat anti-mouse 
IgG conjugated with alkaline phosphatase was used as the third 
antibody at a dilution of 1:200. 

Immune adherence and protein A hemadsorption assays 

These assays measure resetting of human RBC fblood group 
O) on target cells mediated by IgM ( lA) or IgG (PA) antibod- 
ies. Assays were performed as described (Shiku et aL, 1976; 
Pfreundschuh fl/., 1978). 



RESULTS 

Antibody response to immunization with GD3 or single 
GD3 derivatives 

Four groups of melanoma patients were immunized with 
GD3, GD3 lactone I, GD3 lactone II or GD3 amide. The 
antibody response was analyzed by ELISA and dot-blot im- 
mune stain (Table I). Before immunization, antibodies against 
GD3 and GD3 derivatives were detected only rarely by ^ISA 
and at low titer (< 1:40). Immunization with GD3 vaccines did 
not induce an antibody response. By contrast, vaccination with 
GD3 derivatives resulted in the production of antibodies. Two 
of 6 patients immunized with GD3 lactone I developed low- 
titer IgM antibodies and 5 of 6 patients immunized with GD3 
lactone II produced medium- or low-titer IgM anubodies spe- 
cific for the respective immunogen; no IgG antibodies were 
detected. GD3 amide elicited the strongest immune response. 
All 4 patients tested developed high-dter IgM antibodies and 
moderate- or high-titer IgG antibodies against the immunogen 
as determined by ELISA, dot-blot immune stains and ITLC. 
Antibodies of the IgM class were ctetected 2 weeks after the 
first vaccination with GD3 amide (Fig. 2a), and they reached 
peak titers first at 2 weeks after the third vaccination, and later 
again 2 weeks after the booster injection. The immune re- 
sponse was short-lived; antibody titers fell to lower levels over 
the next 6 weeks. IgG antibodies were first detected 2 weeks 
after the third vaccine injection (Fig. 2b), then declined and 
rose again 2 weeks after the booster vaccination, with a sub- 
sequent decrease to low or undetectable levels over a period of 
10 weeks. The IgG subclass of the antibodies induced by im- 
munization with GD3 amide was IgG, in 2 cases and IgG, as 
well as IgG3 antibodies in the 2 other patients. No antibodies of 
the IgGj or IgG4 subclasses were detected (Table II). 

Antibody response to immunization with vaccines containing 
multiple GD3 derivatives 

Six patients were immunized in the same way with a mixture 
of unmodified GD3, GD3 amide, GD3 lactones I and II and 
GD3 gangliosidol. The antibody response to the mixed vaccine 
was analyzed by ELISA and dot-blot inmiune stains (Table 
III). Prior to immunization no antibodies reactive with any of 
the vaccine components were detected. In response to vacci- 
nation. 4 patients produced medium- to low-titer antibodies 
reactive with GD3 amide. GD3 lactones and GD3 gangliosi- 



TABLE I - .XNTIBGDY RESPONSE TO IMMUNIZATION WFTH GD3 AND GD3 DERIVATTVES AS DETERMINED BY ELISA ASP DOT-BLOT IMMUNE STAIN 

Results of serological analysis' 



ELISA= 



Dot-tMot immune stain^ 



Serum 



Number of 
patients 



Antibodies against the 
immunogen 



Antibodies against GD3 



Antibodies 
against 
the 



Antibodies 
against GD3 









IgM 


IgG 


IgM 


!gG 


IgM 




IgM 


IgG 


GD3 


Before vaccine 






















After vaccine 


6 


0 


0 


0 


0 


0 


0 


0 


0 


GD3-lactone I 


Before vaccine 


6 


0 


0 


0 


0 


0 


0 


0 


0 




After vaccine 


4 


4O(n.20(i).0<3) 


0 


0 


0 


2 


1 


0 


0 


GD3-lactone II 


Before vaccine 


6 


0 


0 


20(2).0(4) 


0 


1 


0 


0 


0 




After vaccine 


5 


160(1 >,80(!). 


0 


40<1).20(1),0(3) 


0 


1 


0 


0 


0 








40(n,20(2) 
















GD3 -amide 


Before vaccine 


5 


20( 0.0(4) 


0 


40(2),0(3) 


0 


0 


0 


0 


0 




After vaccine 


4 


640(1), 160<3> 


320(2),4O(2) 


40t,l),20(2) 


20(2).0(2) 


4 


4 


0 


0 


GD3-amide/GD35 


Before vaccine 


6 


0 


0 


0 


0 


0 


0 


0 


0 




After vaccine 


4 


I60(2).80(n.0(l) 


0 


0 


0 


3 


2 


0 


0 



'Sera used in these assays were obtained 2 weeks after the 4th immunization. -'Expressed as reciprocaJ antibody titers (numbers of patients (.-■'Expressed in number of 
patients showing reactivity > * reactivity was gracted - . + . -^^l, *■ 2. and -i- 3>.-''Some patients were removed from study due to disease progression after 2 vaccinations 



or less.-' 1st and 2nd vaccine GD3-amide. 3rd and 4ih vaccine GD3. 
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Figure 2 - IgM and IgG antibody responses in 4 melanoma patients after immunization with GD3 amide. V indicates vaccine administration. 




dol. All antibodies were of the IgM class. Antibodies reactive 
with GD3 were not detected. 

Antibody response to initial immunizations with GD3 amide 
followed by immunization with unmodified GD3 

As GD3 amide was strongly immunogenic in patients with 
melanoma, we immunized patients with GD3 amide prior to 2 
injections with unmodified GD3 to determine whether the im- 
mune response to GD3 could be enhanced by a pre-existing 
inrmiune response to GD3 amide. We found that this was not 
the case. The results are shown in Table L 

Specificity analysis and cell-surface reactivity of antibodies 
induced by GD3 derivatives 

The specificity of ganglioside antibodies detected in the pa- 
tients' sera before and after vaccination was further analyzed 
by dot-blot immune stain on ganglioside standards GM3, 
GM2, GMl. GD3, GD2. GDlaT and GDlb, and by immune 
thin-layer chromatography on ganglioside standards and on 
eangliosides extracted from the 3 melanoma cell lines (SK- 

by the GD3 derivatives were specific for the respective immu- 
nogen and showed no reactivity with other gangliosides tested 
including GD3 (Fig. 3) and gangliosides extracted from human 
melanoma cells. In addition, sera from patients immunized 
with GD3 derivatives were tested in I A and PA assays for 
cell-surface reactivity with human melanoma cell lines ex- 
pressing high levels (SK-MEL-19), moderate levels (SK- 

TABLE II - SUBCLASS CHARACTERIZATION OF IgG ANTIBODIES INDUCED 
BY GDj AMIDE 

IgG subclass antibodies Titer serum of patients 



IGG 


JDC-10 


80 


80 


10 


640 




MC002 


40 


40 


0 


160 


IGGl 


JDC-1 


40 


40 


20 


80 




MC003 


40 


20 


10 


80 


IGG2 


AC3-AA1 


0 


0 


0 


0 




MC004 


0 


0 


0 


0 


IGG3 


C3-8-80 


40 


0 


0 


320 




MC(X)6 


20 


0 


0 


80 


IGG4 


C-27-I5 


0 


0 


0 


0 




MCOC 


0 


0 


0 


0 


Sera use^ for 


^ubc)a^s L'haracierization v. ire 


obtained 


2 w-ceks aner 


the boost 



injection: mean value of 2 detenninattons expressed as reciprocal titers. 



MEL-28) or undetectable levels (SK-MEL-31) of cell-surface 
GD3. None of the sera showed reactivity, indicating that these 
GD3 derivatives are not expressed on the surface of GD3- 
expressing human melanoma cells, and that the antibodies in- 
duced by immunization with GD3 amide, GD3 lactones and 
GD3 gangliosidol do not cross-react with cell-surface GD3 of 
human melanoma cells. 

Absence of delayed-type hypersensitivity (DTH) to GD3 and 
GD3 derivatives 

Skin tests for DTH to conrmion antigens, PPD, GD3 and 
GD3 derivatives were performed after the initial series of 3-4 
vaccinations. All patients showed reactivity with at least one 
recall antigen, and all developed strong reactivity to PPD, (as 
a consequence of BCG in the vaccine) but none showed reac- 
tivity to unmodified GD3 or to any of the GD3 derivatives. 

DISCUSSION 

Of the gangliosides found on the cell surface of human mel- 
anomas. 003 is of nartirular intpre<:^ heraM^e i^ is "io*:t ?bvn- 

ing GD3 has been shown to induce regression of melanoma 
metastases in a small proportion of patients (Houghton et aL, 
1985; Dippoid et aL, 1985) we attempted to induce production 
of GD3 antibodies by vaccination with whole cells expressing 
cell-surface GD3, or with purified GD3. These attempts failed, 
however, although antibodies to other melanoma gangliosides. 
GM2 and GD2, could be induced by active immunization (Tai 
etaL, 1985; Livingstone/ a/., 1987*. 1989i?). This experience 
led us to search for ways in which the poor immunogenicity of 
GD3 could be improved. 

Several reports indicate that chemical modification of gan- 
gliosides may augment their immunogenicity. Synthetic gan- 
glioside congeners that have been reported to induce anii^y 
production in laboratory animals more readily than the unmod- 
ified parent molecule include GMl methylester, GMl ganglio- 
sidol and GMI-N-methylamide (Handa and Nakamura. 1984: 
Nakamura and Handa. 1986), GM3 lactone fNores et al., 
1987). GD3 amide. GD3 gangliosidol, GD3 lactones I and II 
andO-acetyl GD3 (KitiCT et aL, 1990a. 1990^i). Furthermore, 
serological cross-reactivity between ganglioside derivatives 
and their parent molecules has been reported. Murine MAbs 
reactive with ganglioside lactones are also reactive with the 
parent gangliosides (Dohi et aL, 1988; Tai et aL, 1988; Ando 
etaL, 1989: BossIqi et aL. 1989: Rittcr et aL, 1989). Immu- 
nization of mice witn GM3 lactone induced antibodies mat 
cross-reacted with unmodified GM3 (Nores et aL, 1987), and 
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TABLE 111 - ANTIBODY RESPONSE TO IMMUNIZATION WfTH A MIXED VACCINE CONTAINING GD3. GD3 AMIDE. 

GD3 LACTONES AND GD3 GANGUOSIDOL 



Results oi '■crologicaJ analysis' 









ELISA* 






Doi-blot immune sum^^ 


Test antigen 


Before 




After 






Before 


After 


vaccine 




vaccine 




vaccine 


vaccine 




IgM 


IgG 


IgM 


IgG 


IgM 


IgG 


IgM IgG 


GD3 


0 


0 


40(n.0(5) 


0 


0 


0 


0 0 


GD3 Amide 


0 


0 


64O(l).80(l). 


0 


0 


0 


4 0 








40(2K0(I) 










GD3 Lactones 


0 


0 


80<2).4O(2).0<2) 


0 


0 


0 


0 0 


GD3 Gangliosidol 


0 


0 


80(2).40<I), 


0 


0 


0 


0 0 






20(n,0(2) 











'Sera used in these assays were obtained 2 weeks after the 4th inunuiuzatkm.- 'Expressed as reciprocal liters toumbers of 
patients ).--*Ejipressed in ntimbcr of patients showing reactivity > + 2 (reactivity was graded - . + , 1 . + 2. and +3). 



a murine MAb reactive with both GM3 and GM3 lactone has 
been generated (Dohi etal., 1988). Serum antibodies induced 
by immunization of mice with GD3 lactone 1 were shown to 
react with purified GD3 and GD3-expressing human melanoma 
cells (Ritter et al., 1990£2). Although GD3 is clearly a poor 
immunogen in humans, there is some evidence that it can be 
recognized by the human immune system. Low-iitered GD3- 
reactive antibodies hav * been described in the serum of some 
melanoma patients (Ra/indranath et al.. 1989), and human 
MAbs reactive with GD3 have been generated (Yamaguchi et 
al,, 1987). 

Putting together these observations — increased immunoge- 
nicity of synthetic ganglioside congeners in mice, cross- 
reactivity of congener-induced murine antibodies with their 
parent gangliosides, and the basic ability of the human immune 
system to produce antibodies recognizing GD3 — it seemed rea- 
sonable to synthesize GD3 congeners with the expectation that 
they might be more immunogenic than GD3 in human mela- 
noma patients, and that the induced antibodies might cross- 
react with GD3. Immunization with GD3 amide, GD3 gan- 
gliosidol and GD3 lactones I and 11 resulted, in fact, in the 
production of IgM antibodies, and also IgG antibodies in the 
case of GD3 amide. This strong immunogenicity of GD3 de- 
nvatives is most likely due to the fact that these modified 
molecules are not normally expressed, and may be. in addition, 
more resistant to metabolic degradation iLi et al., 1984: Handa 

>ponsc2i were snon-iived and antioooy tuers couiu uoi be 



boosted, indicating induction of a primary response but not 
memory B -eel Is or affinity maturation. The patients did not 
develop delayed-type hypersensitivity to the GD3 derivatives. 
This pattern of response was identical with that observed in 
patients after immunization with the ganglioside GM2 (Living- 
ston et al., 1989^) and is siniilar to the T-cell- independent 
timnune response against bacterial or synthetic carbohydrate 
antigens (Howard, 1987). 

The antibodies produced by the patients in response to im- 
munization with GD3 derivatives, including GD3 lactones, 
were specific for the inununogen and did not significantly 
cross-react with purified melanoma GD3 or calf brain GD3, or 
with cell-surface GD3 on human melanoma cells. Further- 
more, successful immunization with GD3 derivatives did not 
condition the patient for a subsequent response to GD3 vac- 
cines. We have made similar observations with GD2 lactone 
vaccines; they too induce an antibody response to GD2 lac- 
tones but not unmodified GD2 in patients with melanoma (data 
not shown). Because GD3 and GD2 are expressed on a variety 
of normal human cell types in addition to inalignant melanoma 
(Garin-Chesa et al,, 1989). a state of inununologic tolerance to 
these gangliosides is likely to exist. A less likely possibility is 
that antibodies to these gangliosides are induced after immu- 
nization but rapidly adsorbed by cells normally expressing 
GD3 or GD2. These alternatives can be further explored by 
analysis of anti -ganglioside antibody production at the clonal 
]^Y^\ (i<;i*ifT FB V-f-ppsfoTrr*tic hv^-HHo'T'? terhnoloprv in 




12 12 12 12 12 

FiGL-RE 3 - Reactivity of sera from melanoma patients with gangliosides after immunization with GD3 amide ib) and GD3 amide followed 
bv GD3 boosts fd^ as determined bv immune thin-laver chromatography. Pre-immune sera from the same patient (a. cj. Plate ia) counierstained 
with Resorcmol ie}. GM3. GM2. GMI. GDla. GDIb. and GD2 (lanes 1); GD3 amide and GD3 (lanes 2): HPTLC on silica gel plates: running 

-o)\eni chloroTorm-methanol.0.C2^f aqueous CaCI^ 60:35:8 v/v: serum diluiion 1:50: staining peroxidase and 4-chloro-l-naphthol (a-<i}: 
-ijkJitional rcsorciRoi siam U'J. 
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